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NOMENCLATURE 


ALPHA 
CONFIG 
CURRENT 
DATA  TYPE 


DEL 

DEL* 

DEL** 

DITTO 

DITTL 

EBAR 

ERMS 

ETA 

HT(TT) 

ITT 


Angle  of  attack,  deg 

Model  configuration  designation 

Anemometer  heating  current,  raamp 

Code  indicating  nature  of  data  tabulated: 

SURFACE  HEAT  TRANSFER  -  Cold  wall  model  surface 

heat- transfer  measurements 

"2”  -  Model  surface  pressure  and  temperature 
measurements 

"4"  -  Mean  boundary-layer  profile  measurements 

using  pitot  pressure  and  total  temperature 
probes 

"6”  -  Probe  flow  calibration  data 

”9"  -  Quantitative  hot-wire  anemometer  data  at 

particular  point  locations  within  a  survey 
or  within  the  free  stream 

Boundary-layer  total  thickness,  in. 

Boundary-layer  displacement  thickness,  in. 

Boundary-layer  momentum  thickness,  in. 

Enthalpy  difference  at  boundary- layer  thickness, 
DEL,  ITTD-ITWL,  Btu/lbm 

Local  enthalpy  difference,  ITTL-ITWL,  Btu/lbm 

Anemometer  mean  voltage,  mv 

Anemometer  output  rms  voltage,  mv  rms 

Effective  total-temperature  probe  recovery  factor 
ETA=(TTLU-T)/(TT-T)  or  (TTTU-T)/(TT-T) 

Heat-transfer  coefficient  based  on  TT,  QDOT/(TT-TW) 
Btu/ft2-see-OR 

Enthalpy  based  on  TT,  Btu/lbm 
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ITTD 

ITTL 

ITW 

ITWL 

LRE 

LRED 

LRET 

LRETA 

LRETD 

H,  MACH 


Enthalpy  based  on  TTD,  Btu/lbra 

Enthalpy  based  on  TTL,  Btu/lbra 

Enthalpy  based  on  TW,  Btu/lbm 

Enthalpy  based  on  TWL,  Btu/lbm 

Local  unit  Reynolds  number,  in.""^ 

Unit  Reynolds  number  at  the  boundary-layer 
thickness,  DEL,  in.“1 

Local  "norraal  shock"  unit  Reynolds  number 
{based  on  MUTTL),  In.-I 

"Normal  shock"  Unit  Reynolds  number  at 

the  anemometer  location  (based  on  MUTTL),  in.""' 

"Normal  shock"  unit  Reynolds  number  at 
boundary-layer  thickness,  DEL  (based  on 
MUTTD),  in.-1 

Free-streara  Mach  number 


MA 

MD 

ME 

ML 

MU 

MUTD 

MUTL 

MUTT 

MUTTD 


Mach  number  interpolated  to  the  anemometer  location 

Local  Mach  number  at  boundary-layer  thickness, 

DEL,  in."'' 

Mach  number  at  boundary -layer  edge 
Local  Mach  number 

Dynamic  viscosity  based  on  T,  Ibf-sec/ft^ 

Dynamic  viscosity  based  on  TD,  Ibf-sec/ft^ 

Dynamic  viscosity  based  on  TL,  Ibf-sec/ft^ 

Dynamic  viscosity  based  on  TT,  Ibf-sec/ft^ 

Dynamic  viscosity  based  on  TTD,  Ibf-sec/ft^ 
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MUTTL 

P 

PHI 

POINT 

PP 

PPD 

PPE 

PT 

PT2 

PW 

PWL 

Q 

QDOT 

RE 

HE /FT 
RETD 

RHO 

RHOD 

RHOL 

RHOUD 

RN 


Dynamic  viscosity  based  on  TTL,  Ibf-sec/ft^ 

Free-stream  static  pressure,  psia 

Roll  angle,  deg 

Data  point  number 

Probe  pitot  pressure,  psia 

Pitot  pressure  at  boundary-layer  thickness, 

DEL,  psia 

Pitot  pressure  at  boundary-layer  edge,  psia 

Tunnel  stilling  chamber  pressure,  psia 

Free-stream  total  pressure  downstream  of  a 
normal  shock  wave,  psia 

Model  surface  pressure,  psia 

Model  wall  static  pressure  used  for  boundary- 
layer  survey  calculations,  psia 

Free-stream  dynamic  pressure,  psia 

Heat-transfer  rate,  Btu/ft^-aec 

Free-stream  unit  Reynolds  number,  In.'^ 

Free-stream  unit  Reynolds  number,  ff^ 

Local  "normal  shock"  Reynolds  number  based  on 
total  temperature  probe  thermocouple  diameter 
and  viscosity  of  MUTTL 

Free-stream  density,  Ibra/ft^ 

Density  at  boundary-layer  thickness,  DEL,  Ibra/ft^ 
Local  density,  Ibra/ft^ 

(RHOD)  *  (UD),  Ibm/sec-ft^ 

Model  nose  radius,  in. 
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RUN 

S 

SD  PW 
SO  TW 
ST(TT) 


T 

TAP 

T/C 

TCXXX 

TO 

TDRK 

THETA 

TL 

TRAKE 

TT 

TTA 

TTD 

TTE 


Data  set  identification  number 

Curvilinear  surface  distance  from  model 
stagnation  point,  in. 

Model  wall  pressure  standard  deviation 

Model  wall  temperature  standard  deviation 

Stanton  number  based  on  stilling  chamber 
temperature  (TT), 

ST(TT)  =  _ QDOT _ 

(RHO)  (V}(ITT-ITW) 

Free-stream  static  temperature,  OR,  or  op 

Pressure  orifice  identification  number 

Identification  number  of  model  surface 
thermocouples 

Identification  number  of  thermocouples  on  model 
interior  surface 

Static  temperature  at  boundary-layer  thickness, 

DEL,  Or 

Temperature  of  Druck  probe  transducer,  op 

Peripheral  angle  on  the  model  measured  from  ray 
on  model  top,  positive  clockwise  when  looking 
upstream,  deg 

Local  static  temperature,  or 

Temperature  of  survey  probe  rake,  or 

Tunnel  stilling  chamber  temperature,  °R,  or 

Local  total  temperature  interpolated  to  the 
anemometer  location,  or 

Total  temperature  at  boundary-layer  edge  thickness, 
DEL,  OR 

Total  temperature  at  boundary-layer  edge,  or 
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TTL 

Local  total  temperature,  °R 

TTLU 

Uncorrected  (measured)  probe  recovery  temperature, 
interpolated  at  ZP,  OR 

TTTU 

Uncorrected  (measured)  probe  recovery  temperature, 
in  free  stream,  °R 

TW 

Coax  gage  surface  temperature,  OR 

TWL 

Model  wall  temperature  used  for  boundary^layer 
survey  calculations,  OR 

UD 

Local  velocity  component  parallel  to  model  surface 
at  boundary-layer  thickness,  DEL,  ft/sec 

UE 

Local  velocity  component  parallel  to  model  surface 
at  boundary-layer  edge,  ft /sec 

UL 

Local  velocity  component  parallel  to  model  surface, 
ft/sec 

V 

Free-stream  velocity,  ft/sec 

X 

Axial  location  measured  from  virtual  apex  of  cone 
model,  in. 

xc 

Calculated  X  location  of  survey  station,  in. 

XSTA 

Nominal  X  location  of  survey  station,  in. 

ZA 

Anemometer  probe  height,  distance  to  probe 
centerline  along  normal  to  model  surface,  in. 

ZP 

Pitot-pressure  probe  height,  distance  to  probe 
centerline  along  normal  to  model  surface,  in. 

ZT 

Total-temperature  probe  height,  distance  to  probe 
centerline  along  normal  to  model  surface,  in. 
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1.0  INTRODUCTION 


The  work  reported  herein  was  performed  by  the  Arnold  Engineering 
Development  Center  (AEDC),  Air  Force  Systems  Command  (AFSC),  under 
Program  Element  61102F,  Control  Number  2307,  at  the  request  of  Air  Force 
Wright  Aeronautical  Laboratory  (AFWAL/FIMG)  and  AEDC  Directorate  of 
Aerospace  Flight  Dynamics  Test  (AEDC/DOF).  The  AFWAL  program  manager 
was  Kenneth  F.  Stetson  and  the  AEDC/DOF  program  manager  was  Elton  R, 
Thompson,  The  results  were  obtained  by  Calspan  Corporation/AEDC 
Division,  operating  contractor  for  the  Aerospace  Flight  Dynamics  testing 
effort  at  the  AEDC,  AFSC,  Arnold  Air  Force  Station,  Tennessee,  37389. 
The  test  was  performed  in  the  von  Karman  Gas  Dynamics  Facility  (VKF) 
Hypersonic  Wind  Tunnel  (B)  on  February  12-15,  1985,  under  the  AEDC 
Project  Number  CD06VB  (Calspan  Project  Number  V— B-OG), 

This  test  was  the  fifth  in  a  series  of  studies  designed  to 
investigate  the  development  of  laminar  boundary-layer  instabilities  on 
sharp  and  blunt  cones  in  hypersonic  flow  (Refs.  1-4).  The  present 
investigation  extended  the  studies  into  the  region  of  Initial 
development  of  the  instabilities,  that  is,  near  the  apex  of  the  sharp 
cone.  Boundary-layer  and  free-stream  flow-field  data  were  obtained 
using  hot-wire  anemometer-,  total  temperature-,  and  pitot  pressure- 
probes,  Model  surface  pressure  and  temperature  distributions,  as  well 
as  cold-wall  surface  heat-transfer  measurements  were  obtained.  The 
model  configuration  was  a  7-deg  (half-angle)  cone  with  a  sharp  nosetip 
(0.0015-  in.  radius)  only.  The  test  was  conducted  at  unit  Reynolds 
numbers  of  1,0-,  2.0-,  and  3.0-million  per  foot  and  angles-of-attack  of 
zero  and  -4  degrees  with  an  equilibrium  wall  temperature  ratio  (TW/TT) 
of  approximately  0.82. 

Inquiries  to  obtain  copies  of  the  test  data  should  be  directed  to 
AEDC/DOF,  Arnold  Air  Force  Station,  Tennessee  37389.  A  microfilm  record 
has  been  retained  in  the  VKF  at  AEDC. 

2.0  APPARATUS 


2.1  TEST  FACILITY 

Tunnel  B  (Fig.  1 )  is  a  closed  circuit  hypersonic  wind  tunnel  with  a 
50-in. -diam  test  section.  Two  axisymmetric  contoured  nozzles  are 
available  to  provide  Mach  numbers  of  6  and  8,  and  the  tunnel  may  be 
operated  continuously  over  a  range  of  pressure  levels  from  20  to  300 
psia  at  Mach  number  6,  and  50  to  900  psia  at  Mach  number  8,  with  air 
supplied  by  the  VKF  main  compressor  plant.  Stagnation  temperatures 
sufficient  to  avoid  air  liquefaction  in  the  test  section  (up  to  1350®R) 
are  obtained  through  the  use  of  a  natural  gas  fired  combustion  heater. 
The  entire  tunnel  (throat,  nozzle,  test  section,  and  diffuser)  is  cooled 
by  integral,  external  water  Jackets.  The  tunnel  is  equipped  with  a 
model  injection  system,  which  allows  removal  of  the  model  from  the  test 
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section  while  the  tunnel  remains  in  operation. 


2.2  TEST  ARTICLE 

The  basic  LUBARD  model  (fabricated  by  AEDC}  was  used  for  this 
investigation  as  well  as  for  the  previous  tests  (Refs.  1-4),  The  model 
was  a  stainless-steel,  seven-degree  half-angle  cone  of  40-in.  virtual 
length  and  9.823-in.  base  diameter  featuring  interchangeable  nose 
sections  (Fig.  2).  In  the  present  study,  a  nominally  sharp  nose  of 
0.00 15- in.  radius  was  used. 

The  model  was  instrumented  with  24  pressure  orifices  and  30  surface 
thermocouple  gages.  Table  1  lists  the  instrumentation  locations  and 
indicates  that  the  top  centerline  (THETA  =  0)  of  the  model  was  the  main 
ray  of  pressure  instrumentation,  and  the  bottom  centerline  (THETA  =  180 
deg)  was  the  only  ray  instrumented  with  thermocouple  gages.  Pressure 
orifices  were  also  installed  on  the  THETA  =  180  and  270  deg  rays  at 
three  additional  axial  stations.  A  model  installation  photograph  is 
presented  in  Fig.  3. 

2.3  FLOW-FIELD  SURVEY  MECHANISM 

Surveys  of  the  flow  field  were  made  using  a  retractable  survey 
system  (X-Z  Survey  Mechanism)  designed  and  fabricated  by  AEDC.  This 
mechanism  makes  it  possible  to  change  survey  probes  while  the  tunnel 
remains  in  operation.  The  mechanism  is  housed  in  an  air  lock 
Immediately  above  a  port  in  the  top  of  the  Tunnel  B  test  section. 
Access  to  the  test  section  is  through  a  40-in. -long  by  4- in. -wide 
opening  which  can  be  sealed  by  a  pneumatically  operated  door  when  the 
mechanism  is  retracted.  Separate  drive  motors  are  provided  to  (1) 
insert  the  mechanism  into  the  test  section  or  retract  it  into  the 
housing,  (2)  position  the  mechanism  at  any  desired  axial  station  over  a 
range  of  35  in.,  and  (3)  survey  a  flow  field  of  approximately  10-in. 
depth.  A  pneumatically-operated  shield  was  provided  to  protect  the 
probes  during  Injection  and  retraction  through  the  tunnel  boundary 
layer,  during  changes  in  tunnel  conditions,  and  at  times  when  the  probes 
were  not  in  use. 

The  probes  required  for  flow-field  survey  measurements  are  rake- 
mounted  on  the  X-Z  mechanism  at  the  foot  of  a  strut  that  is  extended  or 
retracted  to  accomplish  the  survey.  The  direction  of  the  survey  with 
respect  to  the  vertical  is  fixed  by  manually  sweeping  the  strut  to  the 
selected  angle  between  5  deg  (swept  upstream)  and  -15  deg  (swept 
downstream)  and  locking  the  strut  in  position. 

A  sketch  of  the  survey  probe  rake  is  shown  in  Fig.  4.  The  top  and 
rear  surfaces  of  the  rake  are  designed  to  mate  to  the  strut  of  the  X-Z 
Survey  Mechanism.  The  rake  is  provided  with  four  0.10-in.  I.D.  tubes 
through  which  are  mounted  the  hot-wire  anemometer-,  the  pitot  pressure-, 
and  total  temperature  probes.  The  fourth  tube  was  used  in  the  present 
test  for  housing  a  thermocouple  to  monitor  the  rake  temperature.  The 


8 


tubes  were  slotted  to  accommodate  spring  clips  attached  to  the  rake  which 
were  used  to  hold  the  probes  in  position. 

2.4  FLOW-FIELD  SURVEY  PROBES 

The  hot-wire  anemometer  probes  (Fig.  5a)  were  fabricated  by  the 
VKF.  Platinum- 10)1  rhodium  wires.,  drawn  by  the  Wollaston  process,  of  20- 
or  50-miero-inch  nominal  diameter  and  approximately  150  diameters 
length,  were  attached  to  sharpened  3-mil  nickel  wire  supports  using  a 
bonding  technique  developed  by  Philco-Ford  Corporation  (Bief.  5).  The 
wire  supports  were  inserted  in  an  alumina  cylinder  of  0.032-in.  diameter 
and  0.25-in.  length,  which  was,  in  turn,  cemented  to  an  alumina  cylinder 
of  0.093- in.  diameter  and  3.0-in.  length  that  carried  the  hot-wire  leads 
through  the  probe  holder  of  the  survey  mechanism. 

The  pitot  pressure  probe  (Fig.  5b)  had  a  cylindrical  tip  of  0.006- 
In.  inside  diameter.  This  probe  was  fabricated  by  cold-drawing  a 
stainless  steel  tube  through  a  set  of  wire-drawing  dies  until  the 
desired  inside  diameter  was  obtained.  The  outside  surface  of  the  drawn 
tube  was  subsequently  electropollshed  to  a  diameter  of  0.012  in.  to 
minimize  interference  with  the  flow  field  surveyed. 

The  unshielded  total  temperature  probe  was  fabricated  from  a  length 
of  sheathed  thermocouple  wire  (0.020- in.  O.D.)  with  two  0.004-in. 
diameter  wires.  The  wires  were  bared  for  a  length  of  about  0.015  in, 
and  a  thermocouple  junction  of  approximately  0.005-in.  diameter  was 
made.  Details  of  this  probe  are  shown  in  Fig.  5c. 

2.5  TEST  INSTRUMENTATION 

2.5.1  Standard  Instrumentation 

The  measuring  devices,  recording  devices,  and  calibration  methods 
for  all  parameters  measured  during  this  test  are  listed  in  Table  2. 
Also,  Table  2  identifies  the  standard  wind  tunnel  instruments  and 
measuring  techniques  used  to  define  test  parameters  such  as  the  model 
attitude,  the  model  surface  pressure,  probe  positions,  and  probe 
measurements.  Additional  special  instrumentation  used  in  support  of 
this  test  effort  is  discussed  in  the  following  subsections. 

2.5.2  Model  Surface  Instrumentation 

Thirty  coaxial  surface  thermocouple  gages  (0.125-in.  dlam)  were 
used  bo  measure  the  cone  surface  temperature.  The  coax  gage  consists  of 
an  electrically  insulated  Chromel ®  center  enclosed  in  a  cylindrical 
Constanban  ®  sleeve.  After  assembly  and  installation  in  the  model,  the 
gage  materials  were  blended  together  with  a  file  and  fine  sandpaper 
creating  a  thermal  and  electrical  contact  in  a  thin  layer  at  the  surface 
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of  the  gage.  A  complete  description  and  the  data  reduction  procedure 
for  this  gage  can  be  found  in  Refs.  6  and  7.  The  recording  and 
calibrating  procedures  are  surnmarized  in  Table  2. 

Eighteen  surface  pressure  taps  were  located  along  the  zero  ray  of 
the  model.  Four  additional  taps  were  located  on  the  180-deg  ray  and 
three  taps  on  the  270-deg  ray.  These  taps,  having  approximate  diameters 
of  0.06Z-in.,  were  connected  by  tubing  either  to  Druck©or  Electronic 
Scanning  Pressure  (ESP)  transducers. 

2.3.3  Hot-Wire  Anemoraetry 

Flow  fluctuation  measurements  were  made  using  hot-wire  anemometry 
techniques.  Constant-current  hot-wire  anemometer  instrumentation  with 
auxiliary  electronic  equipment  was  furnished  by  AEDC.  The  anemometer 
current  control  (Philco-Ford  Model  ADP-13)  which  supplies  the  heating 
current  to  the  sensor  is  capable  of  maintaining  the  current  at  any  one 
of  15  preset  levels  individually  selected  using  push-button  switches. 
The  anemometer  amplifier  (Philco-Ford  Model  ADP-12),  which  amplifies  the 
wire-response  signal,  contains  the  circuits  required  to  compensate  the 
signal  electronically  for  thermal  lag  which  is  a  characteristic  of  the 
finite  heat  capacity  of  the  wire.  A  square-wave  generator 
{Shapiro/Edwards  Model  G-50)  was  used  in  determining  the  time  constant 
of  the  sensor  whenever  required.  The  sensor  heating  current  and  mean 
voltage  were  fed  to  autoranging  digital  voltmeters  for  a  visual  display 
of  these  parameters  and  to  a  Bell  and  Howell  model  VR3700B  magnetic  tape 
machine  and  to  the  tunnel  data  system  for  recording.  The  sensor 
response  a-c  voltage  was  fed  to  an  oscilloscope  for  visual  display  of 
the  raw  signal  and  to  a  wave  analyzer  (Hewlett-Packard  Model 
85538/85528)  for  visual  display  of  the  spectra  of  the  fluctuating  signal 
and  was  recorded  on  magnetic  tape  for  subsequent  analysis  by  AEDC.  A 
detailed  description  of  the  hot-wire  anemometer  instrumentation  is  given 
in  Ref,  8. 

The  a-c  response  signal  from  the  hot-wire  anemometer  was  recorded 
using  the  Bell  and  Howell  Model  VR3700B  magnetic  tape  machine  in  the  FM- 
MBII  mode.  This  channel,  when  properly  calibrated  and  adjusted,  has  a 
signal-to-noise  ratio  of  35  db  for  a  1.000  volt  rms  output  and  a 
frequency  response  of  +1  to  -3  db  over  a  frequency  range  of  0  to  500 
kHz,  A  sine  wave  generator  is  used  to  check  each  channel  at  several 
discrete  frequencies,  using  an  rms-voltmeter  which  is  periodically 
checked  on  1,  10,  and  100  volt  ranges.  The  sensor  heating  current  and 
mean  voltage  signals  from  the*  hot-wire  anemometer  were  also  tape- 
recorded  using  the  FM-WBI  mode.  Magnetic  tape  recordings  were  made  at  a 
tape  speed  of  120  in. /sec. 

2.5.4  Pitot  Probe  Pressure  Instrumentation 

Pitot  probe  pressures  were  measured  during  surveys  of  the  model 
boundary  layer  using  a  15-psid  Druck  transducer  calibrated  for  10-psid 
full  scale.  The  small  size  of  the  pitot  probe  adjacent  to  the  orifice 


(Section  2.4)  was  characterized  by  time  delays  for  the  stabilization  of 
the  pressure  level  within  the  probe  tubing  between  orifice  and 
transducer,  when  the  probe  was  moved  across  the  boundary  layer.  In 
order  to  reduce  this  lag  time,  the  pitot  pressure  transducer  was  housed 
in  a  water-cooled  package  attached  to  the  trailing  edge  of  the  strut  on 
which  the  probe  rake  was  mounted  (Section  2.3).  The  distance  between 
orifice  and  transducer  was  approximately  18  in.  The  resultant  lag  time 
was  of  the  order  of  one  second. 

3.0  TEST  DESCRIPTION 
3.1  TEST  CONDITIONS  AND  PROCEDURES 

A  summary  of  the  nominal  test  conditions  is  given  below. 
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A  summary  of  the  present  testing  is  presented  in  Tables  3  and  4 
together  with  that  of  each  of  the  four  previous  efforts,  which  are 
documented  in  Refs,  1-4.  This  table  provides  a  complete  summary  of  the 
various  types  of  measurements  made  with  each  configuration  for  the  five 
tests.  The  individual  tests  may  be  identified  by  RUN  numbers.  For  Ref. 
1,  RUN  <  200;  for  Ref.  2,  200  <  RUN  <  300;  Ref.  3,  300  <  RUN  <400;  Ref. 
4,  400  <  RUN  <  500;  and  for  the  present  testing,  RUN  >  500. 

In  the  continuous  flow  Tunnel  B,  the  model  is  mounted  on  a  sting 
support  mechanism  in  an  installation  tank  directly  underneath  the  tunnel 
test  section.  The  tank  is  separated  from  the  tunnel  by  a  pair  of 
fairing  doors  and  a  safety  door.  When  closed,  the  fairing  doors,  except 
for  a  slot  for  the  pitch  sector,  cover  the  opening  to  the  tank  and  the 
safety  door  seals  the  tunnel  from  the  tank  area.  After  the  model  is 
prepared  for  a  data  run,  the  personnel  access  door  to  the  installation 
tank  is  closed,  the  tank  is  vented  to  the  tunnel  flow,  the  safety  and 
fairing  doors  are  opened,  the  model  is  injected  into  the  alrstream,  and 
the  fairing  doors  are  closed.  After  the  data  are  obtained,  the  model  is 
retracted  into  the  tank  and  the  sequence  is  reversed  with  the  tank  being 
vented  to  atmosphere  to  allow  access  to  the  model  in  preparation  for  the 
next  run.  The  sequence  is  repeated  for  each  configuration  change. 

Probes  mounted  to  the  X-Z  mechanism  are  deployed  for  measurements 
by  the  following  sequence  of  operations:  the  air  lock  is  closed,  secured 
over  the  mechanism,  and  evacuated;  and  the  access  door  to  the  tunnel 
test  section  is  opened.  The  various  drive  systems  (see  Section  2.3)  are 
used  to  inject  the  probes  into  the  test  section  and  position  the  probes 
at  a  designated  survey  station  along  the  length  of  the  model,  the  shield 
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protecting  the  probes  is  raised,  exposing  them  to  the  flow,  and  the  flow 
field  is  traversed  in  the  direction  normal  to  the  model  surface  to  the 
probe  height  (or  heights)  selected  for  measurements.  When  the  traverse 
has  been  concluded,  the  shield  is  closed  over  the  probes  and  the 
mechanism  is  repositioned  along  the  model.  When  the  surveys  are 
completed  or  when  a  probe  is  to  be  replaced,  the  X-Z  Mechanism  is 
retracted  from  the  flow  and  the  access  door  is  closed.  The  air  lock  is 
then  opened  for  probe  work. 

The  survey  probe  height  relative  to  the  model  was  monitored  using  a 
high-magnification  closed-circuit  television  (CCTV)  system.  The  camera 
for  this  system  was  fitted  with  a  telescopic  lens  system  which  gives  a 
magnification  factor  of  20  for  the  monitor  image.  The  probe  and  model 
were  back-lighted  using  the  collimated  light  beam  of  the  Tunnel  B 
shadowgraph  system  which  produced  a  high-contrast  silhouette  of  the 
model-probe  outline.  The  camera  was  mounted  on  a  horizontal -vertical 
traversing  mount  to  facilitate  alignment  of  the  camera  with  the  probe  at 
various  model  stations  visible  through  the  test  section  windows.  The 
video  camera  was  interfaced  with  an  image  analyzer/digitizer  system 
{IADS)  which  was  used  to  measure  the  distance  between  the  probe  and 
model  surface  using  computer-assisted  image  analysis  techniques.  The 
software  for  making  these  measurements  was  designed  to  locate  the  lower 
edge  of  the  probe  and  the  upper  edge  of  the  model  surface  automatically, 
thus  minimizing  Inconsistencies  associated  with  location  of  the  edges  by 
an  operator  using  a  cursor.  The  measurement  accuracy  was  further 
improved  by  calibrating  the  system  prior  to  testing,  using  the  automated 
edge-location  technique  to  locate  edges  separated  by  a  known  distance. 

A  hardcopy  of  the  video  image  of  the  probes  and  model  edge  was 
provided  in  near  real-time  showing,  by  means  of  a  graphics  line,  the 
location  of  the  edges  measured  and  displaying  a  printout  of  the  measured 
distance  and  other  pertinent  documentation  (Fig.  6).  The  accuracy  of 
this  measurement  technique  was  determined  to  be  better  than  ±D. 0007- in. 
over  a  range  of  0.003  to  0.2  in.  under  air-off  conditions.  Provisions 
were  made  to  determine  the  magnitude  of  edge  movement  caused  by  probe 
and  model  vibrations  and  to  calculate  a  correction  factor  for  the 
measurements  if  required.  However,  vibrations  of  the  model  and  probes 
were  negligible  when  measurements  were  made  under  the  present  test 
conditions . 

The  model  was  oriented  in  roll  to  avoid  interference  of  the  surface 
instrumentation  with  the  boundary-layer  probes.  The  flow-field  surveys 
were  obtained  only  after  the  model  had  reached  equilibrium  temperature. 
Initial  probe  positioning  near  the  model  surface  prior  to  each  survey 
was  accomplished  by  manual  maneuvers  of  the  probe  controller  while 
observing  the  CCTV  monitor,  The  docking  and  surveys  were  accomplished 
by  the  following  procedures. 
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After  model  Injection,  the  probe  mechanism  was  positioned  by  the 
controller  {in  manual  mode)  to  the  count  reading  which  corresponded  to 
the  desired  survey  station  location  (X-position) ;  the  X-drive  was 
locked  into  this  position  and  held  constant  during  the  survey.  The 
probe  mechanism  was  then  slowly  driven  downward  in  the  direction  normal 
to  the  surface  until  the  lowest  mounted  probe  was  Just  above  the  model 
surface  as  viewed  by  the  CCTV  monitor.  At  this  time,  measurements  were 
made  using  the  IADS  and  were  entered  into  the  data  reduction  program  as 
manual  Inputs.  The  flow  field  was  then  traversed  in  selected  increments 
to  acquire  the  desired  data.  At  the  completion  of  the  traverse,  the  X- 
drlve  was  unlocked  and  repositioned  at  the  next  survey  station  on  the 
model . 

3.2  DATA  ACQUISITION 

The  primary  test  technique  used  in  the  present  investigation  of  the 
initial  development  of  instabilities  in  a  laminar  boundary  layer  was 
hot-wire  anemometry.  In  addition,  mean-flow  boundary-layer  profile  data 
(pitot  pressure  and  total  temperature)  were  acquired  in  order  to  define 
the  flow  environment  in  the  vicinity  of  the  hot-wire.  Surface  pressure 
and  temperature  distributions  on  the  model  were  obtained  to  supplement 
the  profile  data.  Model  surface  heat-transfer  data  were  acquired  to 
assess  effects  of  model  angle  of  attack  on  the  location  of  boundary- 
layer  transition.  The  various  types  of  data  acquired  are  summarized  in 
Table  3.  Model  stations  for  mean-flow  surveys  are  listed  in  Table  4. 

3-2.1  Hot-Wire  Anemometry  Data 

The  hot-wire  anemometer  data  acquired  during  the  present  testing 
were  of  two  general  categories:  (1)  continuous-traverse  surveys  of  the 
boundary  layer  to  map  the  response  of  the  hot-wire  anemometer  as  a 
function  of  distance  normal  to  the  surface  and  (2)  quantitative  hot-wire 
measurements  using  the  wire  operated  at  each  of  a  series  of  wire  heating 
currents  at  one  location  on  each  profile.  The  anemometer  probes  used 
are  identified  in  Table  3g. 

Data  of  the  first  category  were  acquired  with  the  hot  wire  operated 
using  a  single  heating  current,  in  the  present  case  the  maximum 
(practical)  current.  The  probe  was  generally  translated  in  a  continuous 
manner  from  near  the  model  surface  outward  to  a  distance  of 
approximately  2  (DEL).  These  data  were  recorded  as  analog  plots  of  the 
hot-wire  response  (rras  of  the  a-c  voltage  component)  versus  probe  height 
normal  to  the  model  surface.  The  plot  was  used  primarily  for  the 
purpose  of  determining  the  station  in  the  boundary -layer  profile  where 
the  hot-wire  output  had  a  maximum  level. 
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Quantitative  hot-wire  data  (second  category)  were  acquired  at 
locations  determined  from  the  continuous-traverse  surveys  (first  category 
data).  The  point  of  maximum  rms  voltage  output  of  the  hot  wire,  the 
"maximum  energy  point"  of  the  profile,  was  selected  for  quantitative 
measurements  at  each  model  station.  The  quantitative  data  were  acquired 

using  each  of  a  sequence  of  two  or  more  wire  heating  currents;  one 

current  was  nominal -zero  to  obtain  a  measurement  of  the  electronic  noise 
of  the  anemometer  instrumentation.  Each  wire  heating  current,  wire  mean 
voltage  (d-c  component)  and  the  rms  value  of  the  wire  voltage 

fluctuation  (a-c  component)  were  measured  40  times,  using  the  Tunnel  B 
data  system,  at  the  same  time  the  parameters  were  being  recorded 
(generally,  a  five-second  record  duration)  on  magnetic  tape  with  a  tape 
transport  speed  of  120  in. /sec. 

3.2.2  Flow-Field  Survey  Data 

Mean-flow  boundary- layer  profiles  extended  from  a  height  of  0.02 

in.  above  the  model  surface  to  somewhat  beyond  the  edge  of  the  boundary 
layer,  A  profile  typically  consisted  of  25  to  40  data  points  (heights). 
The  probe  direction  of  travel  was  normal  to  the  surface. 

3.2.3  Model  Surface  Oat a 

Surface  pressure  and  temperature  distributions  on  the  model  were 
obtained  to  supplement  the  bound ary- layer  profile  data.  For  surface 
heat-transfer  data,  the  model  was  injected  into  the  tunnel  test  section 
at  a  fixed  attitude.  The  data  were  recorded  continuously  for  a  period 
of  approximately  five  seconds  beginning  one  second  after  the  model 
encountered  tunnel  centerline.  The  model  was  then  retracted  into  the 
test  section  tank  and  cooled  with  high  pressure  air. 

3.2.4  Anemometer  and  Total  Temperature  Probe  Calibrations 

The  evaluation  of  flow  fluctuation  quantitative  measurements  made 
using  hot-wire  anemoraetry  techniques  requires  a  knowledge  of  certain 
thermal  and  physical  characteristics  of  the  wire  sensor  employed.  In 
application  of  the  hot  wire  to  wind  tunnel  tests,  two  complementary 
calibrations  are  used  to  evaluate  the  wire  characteristics  needed.  The 
first  calibration  of  each  hot-wire  probe  is  performed  in  the 
instrumentation  laboratory  prior  to  the  testing:  the  probe  is  placed  in 
an  oven,  and  the  resistance  of  the  wire  is  determined  as  a  function  of 
applied  wire  heating  current  at  several  oven  temperatures  between  room 
temperature  and  600®F.  The  wire  reference  resistance  at  32°F  and  the  ■ 
thermal  coefficient  of  resistance,  also  at  32°F,  are  obtained  from  the 
results;  the  wire  aspect  (length-to-diameter)  ratio  is  determined,  using 
the  wire  resistance  per  unit  length  specified  by  the  manufacturer  with 
each  supply  of  wire.  Moreover,  it  has  been  established  that  the 

exposure  of  the  probes  to  the  elevated  temperatures  of  the  oven 
calibration  often  serves  to  eliminate  probes  with  inherent  weaknesses. 
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Each  hot-wire  probe  used  for  flow-field  measurements  is  calibrated 
in  the  wind  tunnel  free-stream  flow  to  obtain  both  the  heat-loss 
coefficient  (Nusselt  number)  and  the  temperature  recovery  factor 
characteristics  of  the  wire  sensor  as  functions  of  local  Reynolds 
number.  The  variations  of  Reynolds  number  in  the  free  stream  are 
obtained  by  varying  the  tunnel  total  pressure  (PT)  while  holding  the 
tunnel  total  temperature  (TT)  at  a  nominally  constant  level.  The 
resulting  relationships  are  used  to  determine  the  values  of  the  various 
wire  sensitivity  parameters  required  in  the  reduction  of  the 
quantitative  measurements. 

A  calibration  of  the  recovery  factor  of  the  total-temperature  probe 
as  a  function  of  local  Reynolds  number  was  made  in  the  free-stream  flow 
of  the  tunnel  test  section  simultaneously  with  the  calibration  of  the 
hot-wire  probes.  The  local  total  temperature  for  the  probes  in  free- 
stream  flow  was  assumed  to  be  equal  to  the  measured  stilling  chamber 
temperature,  TT  (see  Section  3.3.4). 

3. '3  DATA  REDUCTION 

3.3.1  Hot-Wire  Anemometry  ( Data  Types  6  and  9 ) 

In  the  present  discussion,  as  it  pertains  to  the  reduction  of  hot¬ 
wire  anemometer  data,  only  the  basic  measurements  tabulated  in  the  data 
package  that  accompanies  this  report  will  be  considered.  (Examples  of 
these  tabulations  are  shown  in  Appendix  III.)  The  data  processing 
associated  with  spectral  analysis,  modal  analysis,  and  determination  of 
amplification  rates  of  laminar  disturbances  is  beyond  the  scope  of  this 
report.  Extended  data  reduction  of  the  hot-wire  results  to  achieve 
these  analyses  is  planned  for  the  present  measurements. 

The  basic  measurements  associated  with  quantitative  hot-wire  data 
are  the  following  parameters:  wire  heating  current,  wire  mean  voltage, 
and  the  rms  value  of  the  wire  fluctuating  response  voltage.  The  average 
value  of  40  measurements  of  each  of  these  three  parameters  was 
determined  over  a  period  of  5  sec  for  each  nominal  wire  heating  current 
employed,  and  the  results  were  tabulated  under  the  designation  "DATA 
TYPE  9"  together  with  certain  associated  model,  flow  field,  and  tunnel 
conditions.  (See  Sample  1,  Appendix  III.) 

Free-stream  tunnel  conditions  that  are  applicable  to  anemometer  and 
total-temperature  probe  calibrations  are  tabulated  under  the  designation 
"DATA  TYPE  6".  (See  Sample  2,  Appendix  III.) 

3.3.2  Mean  Flow-Field  Surveys  (Data  Type  4) 

The  mean  flow-field  data  reduction  included  calculation  of  the 
local  Mach  number  and  other  local  flow  parameters,  determination  of  the 
height  of  each  probe  relative  to  the  model  surface,  correction  of  the 
total-temperature  probe  using  an  appropriate  recovery  factor,  definition 
of  the  boundary-layer  total  thickness,  and  evaluation  of  the 
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displacement  and  momentum  thicknesses.  Sample  tabulated  data  are  shown 
in  Sample  3,  Appendix  III,  and  typical  plotted  results  are  shown  in  Fig. 
7.  The  data  reduction  procedures  are  outlined  as  follows. 

The  local  Mach  number  in  the  flow  field  around  the  model  was 
determined  using  the  measured  pitot  pressure  (PP)  and  the  local  model 
static  pressure  (PWL)  with  the  Rayleigh  pitot  formula. 

The  height  of  each  probe  above  the  model  surface,  in  the  normal 
direction,  was  calculated  for  each  point  in  a  given  flow-field  survey, 
taking  into  consideration  the  following  parameters:  the  initial 
vertical  distance  determined  from  the  CCTV  image,  the  distance  traversed 
in  the  vertical  direction  from  the  Initial  position  employing  the  survey 
probe  drive,  the  lateral  displacement  of  the  probe  from  the  vertical 
plane  of  symmetry  of  the  model,  and  the  local  radius  of  the  model  at  the 
survey  station. 

The  height  of  the  pitot  pressure  probe  above  the  model  surface  (ZP) 
was  used  as  the  reference  for  all  probes  because  the  pitot  probe  was 
located  in  the  vertical  plane  of  symmetry  of  the  model.  The  total- 
temperature  probe  recovery  temperature  measurements  (TTTU)  were  used  bo 
interpolate  (three-point)  a  value  (TTLU)  corresponding  to  each  height  of 
the  pitot  probe.  Correction  of  the  interpolated  recovery  temperature, 
using  the  probe  calibration  data,  was  achieved  by  iteration  on  the  local 
Reynolds  number  beginning  with  the  value  calculated  using  the  recovery 
temperature  (TTLU)  to  determine  an  initial  value  for  the  local  dynamic 
viscosity  (MUTTL).  The  iteration  was  continued  until  successive  values 
of  the  "corrected"  total  temperature  differed  by  no  more  than  0.1  deg  R. 
For  those  surveys  wherein  the  pitot  probe  was  positioned  below  the 
total-temperature  probe  (closer  to  the  model  surface),  the  corrected 
total  temperature  at  the  corresponding  pitot  probe  heights  was 
determined  from  a  second-order  curve  fit  using  three  points,  namely:  the 
model  surface  temperature  (TWL)  and  the  corrected  total  temperature  at 
the  first  two  probe  heights,  where  it  was  available. 

The  total  thickness  of  the  model  boundary  layer  in  any  given 
profile  was  inferred  from  the  profile  of  the  total-temperature  probe 
recovery  temperature  (TTLU),  Recovery  temperatures  measured  above  the 
edge  of  the  boundary  layer  (in  the  shock  layer)  remained  constant  or 
essentially  independent  of  the  probe  height.  There  was  generally  a  very 
distinct  "overshoot"  in  the  recovery  temperature  profile  immediately 
before  the  onset  of  the  constant  portion  of  the  profile.  The  height  at 
which  this  constant  portion  of  the  profile  began  was  defined  as  the  edge 
of  the  boundary  layer  and  the  corresponding  distance  normal  to  the  model 
surface  was  defined  as  the  boundary-layer  total  thickness  (DEL). 
Displacement  and  momentum  thicknesses  were  determined  by  Integration 
accounting  for  the  model  cone  angle  and  local  radius  of  curvature. 
Probe/model  interference  was  noted  for  some  of  the  data  points  near  the 
model  surface;  these  points  were  omitted  from  the  integrations. 
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Model  surface  pressure  and  temperature  distributions  were  measured 
during  mean  flow-field  surveys,  "DATA  TYPE  4"  (Sample  3,  Appendix  III). 
These  measurements  were  made  each  time  that  probe  data  were  acquired  and 
the  25  to  40  values  for  each  pressure  or  temperature  were  averaged.  The 
averaged  values  and  their  respective  standard  deviations  are  included  in 
the  tabulations  of  DATA  TYPE  4. 

3.3.3  Model  Surface  Measurements  (Data  Type  2) 

Model  surface  pressure  and  temperature  distributions  generally  were 
obtained  when  the  survey  probe  mechanism  was  located  so  as  not  to 
interfere  with  the  measurements.  These  data  are  tabulated  under  the 
designation  "DATA  TYPE  2",  (See  Appendix  III,  Sample  4.) 

The  local  model  surface  pressure,  PWL,  used  in  the  boundary -layer 
calculations  was  determined  using  a  fairing  of  the  measured  pressure 
distributions  (selected  runs  of  DATA  TYPE  2).  The  static  pressure  was 
assumed  to  be  constant  across  the  boundary  layer  and  shock  layer  and 
equal  to  the  local  model  surface  pressure  at  each  survey  station.  The 
fairing  of  the  surface  pressure  distribution  used  for  each  test 
condition  is  shown  in  Fig.  8. 

The  local  model  surface  temperature,  TWL,  was  determined  for  each 
survey  from  the  measured  surface  temperature  data  in  the  vicinity  of  the 
survey  station,  using  linear  interpolation.  A  typical  surface 
temperature  distribution  is  shown  in  Fig,  9.  • 

3.3.4  Total-Temperature  Probe  Calibration  (Data  Type  6) 

The  recovery  factor  ETA  used  in  reducing  the  total- temperature 
probe  survey  data  is  defined  generally  as  a  function  of  the  local 
Reynolds  number  based  on  probe  diameter.  In  the  case  of  the  probe  used 
in  the  present  test,  the  factor  ETA  was  essentially  independent  of 
Reynolds  number;  that  is,  ETA  =  constant  for  the  test  conditions  being 
considered. 

Free-stream  tunnel  conditions  that  are  applicable  to  the  total- 
temperature  probe  calibration  are  tabulated  under  the  designation  "DATA 
TYPE  6"  (Appendix  III,  Sample  2  ). 

3.3*5  Surface  Heat-Transfer  Data 

The  basic  heat-transfer  measurement  is  the  wall  temperature  (TW). 
The  heat-flux  rate,  calculated  from  the  response  of  the  coaxial 
thermocouple  gage,  is  used  to  determine  the  heat- transfer  coefficient, 
HT{TT),  and  the  Stanton  number,  ST(TT).  These  values  are  tabulated 
under  the  designation  "SURFACE  HEAT  TRANSFER".  A  sample  tabulation  is 
given  in  Appendix  III,  Sample  5. 
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3.4  UNCERTAINTY  OF  MEASUREMENTS 


In  general,  instrumentation  calibrations  and  data  uncertainty 
estimates  were  made  using  methods  recognized  by  the  National  Bureau  of 
Standards  (NBS),  (Ref.  9).  Measurement  uncertainty  (U)  is  a  combination 
of  bias  and  precision  errors  defined  as: 

U  =  ±(B  +  tg5S) 

where  B  is  the  bias  limit,  S  is  the  sample  standard  deviation,  and  tgc 
is  the  95th  percentile  point  for  the  two-tailed  Students  "t" 
distribution,  which  equals  approximately  2  for  degrees  of  freedom 
greater  than  30. 

Estimates  of  the  measured  data  uncertainties  for  this  test, 
including  the  basic  hot-wire  anemometer  measurements  discussed  in  this 
report,  are  given  in  Tables  2a  and  b.  Estimates  of  uncertainties  in 
flow  fluctuations  derived  from  the  hot-wire  anemometer  measurements  and 
in  other  calculated  flow  survey  parameters  fall  outside  the  scope  of 
this  report.  In  general,  measurement  uncertainties  are  determined  from 
in-place  calibrations  through  the  data  recording  system  and  data 
reduction  program. 

The  propagation  of  the  estimated  bias  and  precision  errors  of  the 
measured  data  through  the  data  reduction  was  determined  for  free-stream 
parameters  in  accordance  with  Ref.  9,  and  is  summarized  in  Table  2b. 

4.0  DATA  PACKAGE  PRESENTATION 

Boundary -layer  profile  data,  model  surface  data,  probe  calibration 
data,  and  basic  hot-wire  anemometer  data  from  the  test  were  reduced  to 
tabular  and  graphical  form  for  presentation  as  a  Data  Package.  Examples 
of  the  basic  data  tabulations  are  shown  in  Appendix  III. 

Figure  7  is  an  example  of  the  plotted  mean-flow  boundary -layer 
survey  results  for  the  sharp  cone  configuration  at  a  particular  survey 
station  which  are  included  in  the  Data  Package. 
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TABLE  1.  Model  Instrumeatation  Locations 
a.  Pressure  taps 


TAP  THETA 
NO.  deg 


'  S  f  In  « 


39  .50 
38  .51 
38  .01 
36\03 
34  .04 


30.01 
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26  .05 
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22  .07 
20  .00 
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Table  1.  Concluded 
b.  Thermocouple  locations 
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Optical  Gradiciila 

Olgltal  Data  Acquititlon 
SyStOd  A/0  Converter 
Optically  Positioned  Zero 

PiYClsIOA  nicrw«ter 

ERHS,  n 

CURRENT,  m 

CBAR,  BV 

±  0-5 
t  0.5 
i  O.S 

0* 

0‘ 

0*^ 

n 

<1 

<1 

<1200 

<5 

<300 

Pill  1  CO  Ford  Corp. 
Model  i5DP-12/13 
Hot-.lre  taenowcei 
Syit.n 

Dlgli«l  Ml*  Mulcitlaa 
Sytlon  Miilog-to-OlplU1 
Converter 

Precision  Digital 

VoUKter 

NOTsi  +  -Bi99  iis8un«d  to  bo  loro. 


TABLE  2.  Continued 
a.  Concluded 


sTum-srm  istimatm  mmsiikhicnt* 


Pneldan  lidH 

<■) 


Pirnil«r 
pr^igait laa 


Unearlaifit/ 
i(B  «  tsj9) 


Trp*  of 

|f«B«iirlAi  Davie* 


Typ*  •i 

B«car«liii|  Davie* 


llatkad  or 
SrB|«o 
CallbratloA 


PlM  Turbolooco 


PC  to  i 
volt  BUB 
(lloaiiof 
Otrroata 


DC  to  8d0 
XIIB  or  aoo 
BIIZ  Uroq. 

raapono* 


■•tor  lyatoB  ilA 
■lerolaeb  •!••) 


op  to  B  ■•)  baad  dotor- 
«tii«d  br 
tlltoro 
oiod  > 


•Analog  data  recorded  Hire  characierlai tc! 
oe  tape  for  auboe^  bp  even  e»llbraLldA 
guant  ptapback  and 
reduck  Ion 


•  loapa  g|  dale 
recorded  ea  digital 
data  acavlaltioQ 
ppataa  tlO  ceAvarter 
for  eaeb  ruo 


Heal  traomfer  ebar- 
aclerlailce  bp  cali¬ 
bration  In  luoncL 


**Sr*priP,i,t 


acaooreoenla 


TABLE  2.  Concluded 
b.  Calculated  parameters 


Parameter 

Dee  Ignat Ion 

STEADY-STATE  E55T1  MATED  MEASUREMENT* 

RE/ FT 
xlO-6 

Precielon  Index 
(S) 

Bi  as 
<B) 

Uncertainty 
t(B  +  t95S) 

^  bA 

a  a 

0)  ltd  H 

O  O  tJ 
h  °  d 

V  V 

p<  « 

1 

*H  <l> 

O  -H 

a 

4-»  U>  0) 

•H  «  0 

a  o 

0  B 

u  ■§ 
0)  a> 
h  V 
U)  ^ 

e  a, 
Q 

^  bA 

t!  ti 

O  0*0 
h  °  d 

0,  M 

cx  e 

1 

VI 

O 

0  P 

4^  CO  a> 

•H  G 

£  S 

*i  h( 

B  a 

01  -H 

o  o’® 

B  °  d 

01  oi 
ft  (tt 

• 

<H  01 

O  IH  «.> 

a  a 
-H  in  0) 

.H  d  E 

a  0) 
p  a 

P.psta 

PT2,psia 

Qipsla 

T.OR 

V,  ft/sec 

RH0,lbiVft3  _ 
HU,lbf-sec/ft‘ 

M 

RE, per  ft 

1.23 

0.86 

0.85 

0.36 

0.04 

0.88 

0.36 

0.19^^ 

0.53 

>: 

0 

0.25 

0.25 

0.25 

0.25 

0.12 

0.35 

0.25 

0^ 

0.44 

2.72 

1.96 

1.96 

0.97 

0.20 

2.12 

0.97 

0.38 

1.50 

1.0 

P, p&1a 

PTZ.psla 

Q, psla 

T.®R 

V,  ft/sec 

RHO.lbfu/n^ 

MU.lbf-sec/ft^ 

M 

RE, per  ft 

0.82 

0.57 

0.57 

0.25 

0.04 

0.59 

0-25^ 

0.13*^ 

0.36 

0.25 

0.25 

0.25 

0.24 

0.12 

0.35 

0.24 

0^ 

0.44 

1.89 

1.39 

1.39 

0.74 

0.20 

1.53 

0.74 

0.26 

1.16 

1 

P, psia  ’ 

PT2,ps1a 

Q, psia 

T.^R 

V, ft/sec  , 

RHU.lbni/ff’  „ 
HU,lbf-sec/ft2 

M 

RE. per  ft 

0.82 

0.57 

0.56 

0.24 

0.04 

0.59 

0.25 

0.1 3<-^ 

0.36 

>: 

10 

0.25 

0.25 

0.25 

0.25 

0.12 

0.35 

0.24 

0* 

0.44 

1.89 

1.39 

1.37 

0.73 

0.20 

1.53 

0.74 

0.26 

1.16 

3.0 

NOTE;  '*'Bias  assumed  to  be  eero. 

'*’*Detei:mined  from  test  section  repeatability  and  uniformity 
during  tunnel  calibration. 


TABLE  3.  Test  Summary 
a.  Surface  heat-transfer  runs 


Model  Config.  ALPHA, deg 


7-deg  Cone  Q 


0 

+2 

+4 

-2 

-4 

+4 

+3 

+2 

+1 

0 

-1 

-2 

-3 

-4 

+4 

+3 

+2 

+1 

0 

-1 

-2 

-3 

-4 

+4 

+3 

+2 

+1 

0 

-1 

-2 

-3 

-4 


PH  I, deg 
-90 


RN,  in. 

RE/FT 

xlQ-o 

RUNS 

0.0015 

2.5 

2 

1 

1.2 

4 

f 

1.0 

5 

0.150 

2.5 

1 

0.250 

3.5 

202 

0.500 

3.5 

3 

2.000 

3.5 

113,116,119 

0.0015 

1.0 

401 ,402 

0.0015 


2.0 


0.0015  3.0 


403 

404 

405 

406  . 
521 

519 

517 

515 

513,522 

514 

516 

518 

520 

509,510 

507 

505 

503 

501  ,511  ,547 
548.549,550 
502 

504 

506 

508,512 

544 

542 

540 

538 

536,545.546 

537 

539 

541 

.  543 


NOTE:  Run  numbers  <200  from  Ref.  1;  Run  numbers  <300  from  Ref.  2; 
Run  numbers <400  from  Ref.  3;  Run  numbers <500  from  Ref.  4; 
Run  numbers >500  are  present  test  data. 
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TABLE  3.  Continued 


Surface  pressure  and  temperature 
(Type  2  Data) 


7-deg  Cone 


-4 

-4 

+4 

0 


■110 


t 

20 

0 

0 

■110 


1  j 


ALPHA, deg 

PH  I,  deg 

RN, 

in. 

RE/FT 

xl0'° 

RUN 

0 

-90 

0.0015 

1. 

,3 

358 

0.150 

2, 

.5 

72,73 

0.350 

2. 

.5 

210,211 

0.7i 

)0 

2.5 

302,303,305 

312,313,314 

315,317,322 

330.339,340 

* 

T 

341 ,343,349 

0 

-85 

2.000 

3. 

.5 

130.131 

0.0015 

0.5 

408,409,410 

2.6 

411 ,412 

1 

1.0 

429 

-2 

1 

.0 

430 

+2 

1.0 

431 

+2 

0.6 

448,449 

( 

0 

.6 

450,451 

1 

? 

0.6 

452,453 

4 

1 

.0 

471  ,472 

*1 

2 

2 

.3 

477 

0 

0 

0.0 

015 

2.0 

524 

0.0015 

1 1 

0.0015 

0,0015 


3.0 


I 


525,526 

532,553 

565,577 

605,606 

608 

617 

619 

579,580 

583,584 

595,596 

586 


,529,531, 

,554,564, 

,578,604, 

,607 

,609 

,618 

,620 

,581,582, 

,591,592, 

,587 


NOTES:  1.  Run  numbers  200  from  Ref.  1;  Run  numbers  ^300  from  Ref.  2; 

Run  numbers<400  from  Ref.  3;  Run  numbers  <500  from  Ref.  4; 

Run  numbers^ 500  are  present  test  data. 

2.  Surface  pressure  measurements  are  also  included  on  Boundary-Layer 
Survey  Data  (Type  4). 
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TABLE  3.  Continued 


c.  Mean-flow  boundary-layer  survey  matrix 
(Type  4  Data) 


RN. 

In. 

RE/FT 

xlO-® 

ALP 

de 

u&  1 

X  STATION  I 

NOHINAI  1 _ 

nApI 

9 

6 

8 

10 

11 

15 

16 

18 

20 

24 

25 

26 

28 

30 

31 

32 

35 

36 

37 

0.0015 

272 

■— 

0 

112 

111 

110 

109 

108 

107 

286a 

D 

+2 

1 

1 

1 

1 

1 

458*’ 

456*^ 

457^^ 

1.3 

n 

373 

372 

371 

370 

mm 

■ 

■ 

601 

602. 

603 

B 

1 

600- 

1 

■ 

1 

1 

m 

2.5 

■ 

■ 

■ 

106 

105 

76 

104 

103 

75 

102 

74 

101 

0.2S 

2.5 

1 

1 

1 

1 

255® 

254 

1 

1 

249 

241 

208' 

207' 

240 

242' 

2.5 

■ 

■ 

■ 

■ 

376 

377 

378 

B 

2.5 

1 

■ 

1 

m 

■ 

1 

257® 

256 

2.00 

3.5 

1 

1 

■ 

1 

■ 

■ 

■ 

124 

125 

123 

122 

NOTES:  1.  PHI  c  -90  deg  except  where  noted. 

2.  Run  nos. i  200  from  Ref.  1;  Run  nos.  <1300  from  Ref.  2;  Run  nos.  <400  from  Ref.  3; 

Run  nos. <500  from  Ref.  4i  Run  nos. jr 500  are  present  test  data 

3.  Superscripts: 

a  -  ALPHA  =  -2.0  deg,  PHI  -  0.  deg,  winA/ard  survey 
b  -  PHI  =  -85  deg 

c  -  Cold  wall  data;  TWLit525-,  640-.  S40-deg  R.  for  Runs  207,  208,  242,  respectively. 

All  other  data  obtained  at  hot  wall  conditions  (TWL  i  860  deg  R). 
e  -  Extended  survey  of  preceding  RUN.  all  outside  boundary  layer. 
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TABLE  3.  Continued 


d.  Hot-wire  qualitative  survey  matrix 
(Type  3/Type  4  Data),  runs 


RN. 

in. 

re/ft 

xlO-® 

ALPHA, 

deg. 

X  STATION  (NOMINAL)  | 

10 

14 

15 

17 

19 

20 

25 

26 

27 

28 

30 

31 

32 

33 

34 

35 

36 

37 

0.0015 

1.0 

0 

51 

46 

42 

34 

26 

21 

16 

15 

12 

11 

8 

1.3 

0 

37.1 

.17? 

.171 

.170 

0.15 

2,5 

0 

96 

88 

84 

79 

67 

64 

60 

57 

54 

0.25 

2.5 

0 

255‘ 

254 

208' 

207‘ 

240 

242^^ 

0.50 

3.5 

0 

140 

141 

142 

139 

CO 

134 

0.70 

2.5 

0 

376 

377 

378 

0.90 

2.5 

0 

257' 

256 

2.00 

3.5 

0 

129 

132 

NOTES:  1.  RUN  numbers  <  200  from  Ref,  1;  RUN  numbers  <  300  from  Ref.  2;  RUN  numbers  <  400  from  Kef.  3. 

2.  RUN  numbers < 200  obtained  as  Data  Type  3;  RUN  numbers  >  200  obtained  as  Data  Type  4. 

3.  Superscripts: 

c—  Cold  Wall  data,  TWL«  525-,  640-,  540-deg  R.  for  RUNS  207,208.  242, 
respectively.  All  others  at  hot  wall  conditions  {1ML^860  deg  R). 

e  -  Extended  survey  of  preceding  run,  all  outside  boundary  layer. 


TABLE  3.  Continued 

PART-I,  ITot-wire  quantitative  run  matrix 
(Type  9  Data)  for  ALPHA  =  0,  runs 


rmi 


lOI 


si<Sir<M9 


j  -/> 


a.  fall  MrllitJai  -10  4ii  lUlfS  <  SOOl  NC  «  -110  ffr  lUNS  7 

I.  Un  IM  (iMi  ut.  I.  UO  awdbvti  «J»  fraa  la>.  tt  lUI  m^taalOO  r«c«  lal.  1|  MT  atakara^fOO  Ut.  * 

I.  TM«  4lalle«k  aaalM  Olaiuvbaaca  aMi|r  paaba  vara  aaaal  fat  aaa*  **eMar  Sab*  M  «Mkaf«  lla«*4  a»vv*  4at»iii  llaa. 

laaai  t*,!*  iuri  Uala4  >»Xmt  paVivP  |ia«. 

i»  limner  ipia  I 


I  MSI  b  iOO  Pra  pmaat  !•«(  0p|p 


m  Ihala  aaMlalvIip  far  UM  atabaia  aa  a»|«4«  PPr  at|  4 
*  0*  Maaar  PlParvaO,  4aka  ahialMf  at  appraalaaia 


PIMf  nnt  fata  bvfv  abraftaal  wm  II  vCra  lanaltlaLclaap 
■  SIflil  vliata  paah  vai  pfa*1»«nly  abaaaaaAi 


«,  MRr-ll.  Hsl-UIr*  Outnlllatln  >_  llt«rU 
(Ifpf  *  Rltll  r«r  tiriu  /  t,  «ua] 


nmirimmnsi 


_ ■T^iiiniiiiiiiimmtJiTnio;ininMniiifMr»?air»niritTi  nitin:a>:inriawi _ 

gniiiraiiiiiiiiiiiniieiiiiiioioiiHu 

■■■■■■■MMililWiOBHaiiiilfflBBMPllB 

aiBBBUiBnBiiiaiiBBKnRiaiiaaBiiEfaBBBail 


bOTCSi  |»  bW  HPiOtri  <  JM  frM  M,  Is  Wl  fMotMi 
KM  iwrOaro  >  500  an  frtitut  Uat  ObU. 
t»  Olnfla  His  MiiUlfllO  Nr  *a<JS  ■»«  • 


I  MOaOM  400  MO  iOS  frca  tmU  4i 


TABLE  3.  Continued 


f.  Hot-wire  anemometer  and  total-temperature  probe  calibration 
in  free  stream  (Type  6  Data) 


RUN 

PT  (range)  psia 

RE  {range)xl0~°,  per  in. 

Hot-Wi re 

6 

202-355 

0.75-1.3 

6 

7 

150-352 

0.56-1.3 

7 

37 

152-352 

0.57-1.3 

7 

52 

352-579 

1. 3-2.1 

8 

77 

349-577 

1 .3-2.1 

14 

80 

300-582 

1. 1-2.1 

15 

92 

300-577 

1. 1-2.1 

17 

114 

400-804 

1. 4-2.9 

3 

126 

399-808 

1 .4-2.9 

2 

133 

398-806 

1 .4-2.9 

1 

137 

399-807 

1 .4-2.9 

16 

209 

200-580 

0.74-2.1 

31 

226 

201-579 

0.76-2.1 

33 

243 

199-579 

0.74-2.,l 

40 

301 

214-581 

0.80-2.1 

4 

304 

298-583 

1.09-2.1 

6 

306 

582 

2.1 

7 

316 

296-581 

1.09-2.1 

8 

323 

583 

2.1 

8 

329 

298-582 

1.09-2.1 

11 

331 

302-583 

1 .10-2.1 

15 

333 

582 

2.1 

17 

342 

360-581 

1.32-2.1 

16 

350 

360-582 

1 .31-2.1 

52 

413 

226-601 

0.85-2.2 

33 

454 

228-602 

0.84-2.2 

33 

523 

220-440 

0.84-1.7 

54 

552 

300-440 

1 .1-1.7 

76' 

NOTES: 

K  Run  numbers  <200  from  Ref.  1;  Run  numbers  <300  from  Ref.  2; 

Run  numbers  <400  from  Ref.  3;  Run  numbers  <500  from  Ref.  4; 

Run  numbers >500  are  present  test  data. 

2.  Hot-wire  probes  were  numbered  independently  for  each  of  the  five 
test  programs  represented  in  this  table.  For  example,  Hot-Wire 
No.  6  for  RUN  6  was  not  the  same  sensor  as  that  used  for  RUN  304. 
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TABLE  3 .  Concluded 
g.  Hot-wire  identification 


Hot-Wire  No. 

6 

7 

8 

14 

15 
17 

3 
2 
1 

16 

HF-4 

31 

33 

39 

40 

4 
6 

7 

8 
11 

15 
17 

16 
52 

33 


54 

76 

71 

74 

177 

73 


RUN  No. 


6 

7-51 

52-71 

77-79 

80-91 

92-100 

114-121 

126-128 

133-136 

137-142 

207-208 

209-225 

226-239,250-285 

242 

243-249 

301 

304 

306-311 

316..318-321,323 

324-329 

331-332 

333-338 

342.344-349 

350-357.359-378 


523 

551,552,555-559 

561-563,566-576 

585 

588-590 

597 

610-616 


Wire  Diameter 
20  u^in. 


20  )j-in. 

20  u-in. 


50  y-in. 
20  p-in. 

20  y-in. 

50  y-in. 

50  y-in. 
50  y-in. 
50  y-in. 
50  y-in. 


414-427,432-447 

455,460-470,473-476 


NOTES:  1.  Run  numbers  <^-200  from  Ref.  1,  Run  numbers -*300  from  Ref.  2; 

Run  numbers-i400  from  Ref.  3;  Run  numbers <i500  from  Ref.  4; 

Run  numbers>500  are  present  test  data. 

2.  A  hot-film  probe  was  used  for  RUNS  207-208  {HF-4) 

3.  Hot-wire  probes  were  numbered  indenpendently  for  each  of  the 
five  test  programs  represented  in  this  table.  For  example,  Hot- 
Wire  No. 6  for  RUN  6  was  not  the  same  sensor  as  that  used  for  RUN 
304. 
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TABLE  4.  Stations  for  Mean-Flow  Surveys 


X(STATION) 

RN.in.  0.0015 

0.15 

0.25 

0.50 

' 

6 

6.00* 

10 

10.07 

9.08 

8.40 

b.  li 

11 

11.18 

14 

14.10 

13.11 

11.76 

15 

15.10,14.93* 

14.11 

16 

17 

17.12 

16.13 

13.78 

18 

18.08 

19 

15.95 

20 

20.14 

19.15 

24 

24.01* 

21.84 

25 

25.18 

24.19 

23.51 

26 

27 

27.19 

26.20 

28 

28.20 

30 

30.22 

29.23 

28.55 

31 

32 

32.23 

33 

33.24 

32.25 

1 

34 

34.25 

31.91 

35 

35.25 

34.26 

33.59 

36 

36.26 

37 

37.27 

36.28 

.50  0.70  0.90  Z.OO 


19.16  11.80 


21.51 


26.55 


21.87 


32.59 


*  Indicates  present  test  data. 


X,  in. 


40.00  in. 


APPENDIX  III 
SAMPLE  DATA 
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cn 

o 


HKVIK/ril.SPIkM  riCLII  SERVICES, lUC. 

■  trc  tMVIF 

VUN  KUPkA,  15  DThAHICR  FACII.tTY 
AKNOl.n  AIR  MiKrh:  statii)>i,  tihu 
ROHNnAOf  LAVFR  STAniLITY  lllVFvSTinATlON 


l>ATt  r«'HPlllKll  ti-KFh-bb 
UATK  ^►rnHIiKn  ti- 
TIMF  Ri-TniiOKl)  VJ  -Il« 
TrK^  CURPUIH)  02Mh 
PPnJt.CT  ■III  »  li-OG 


PUU  NUPDFA  551  page:  1  CONEIGi  sharp  T-DE:G  cone  (RN  >  Cl. *1015  IN.} 

XSTA  S  I  A, 00 


OAtA  TKPt  * 

N»l  NIKE  ANFMONETFR  DATA 


POKiT 

ruRRFhT 

tPAP 

ept»5 

AC 

PT 

tT 

P 

0 

T 

Kf. 

2.  A 

f HARP) 

CR71 

lUV) 

IIH.) 

CR81A3 

(HEG  R) 

(PSIA) 

(PSIA) 

(oi:<;  11) 

(IN.) 

1 

0.003 

0.00 

515. 7H 

0.00 

4.403E402 

l.l]7i:*0l 

4.S9T1.-02 

2,0tlE*0U 

9.556K*01 

1.6711*05 

*.1701  »ii3 

2 

U.5I  1 

?».oi 

537.13 

0.00 

A.AoOltu? 

1,  II71.*U3 

4.6II0E-H2 

2.(|491:*II0 

0.55ll.*01 

t  ,6716* 05 

*.02I<1'-<J  i 

3 

1.030 

4R.57 

541.17 

0.00 

4.4061*02 

i.Ji2i:«(i3 

4.6001.-02 

2.O49F.0O 

9.55E  l.«|)| 

1 ,67  ll'.ub 

R.o20i:-01 

A 

I.AO] 

75. >1*1 

554.1* 

0.00 

4.405}.«02 

I.3I7E.03 

4.S99e-02 

2.04*6*00 

9.85l.l.«OI 

1.6771  *05 

*.020K-fl J 

5 

7, <107 

95. S5 

555.37 

0.00 

4.1061 *02 

1.1171*01 

4,61106-02 

2.O19E.0O 

9,55I'1.*0I 

1.6731*05 

N.17IIK-01 

4> 

2.440 

1  l<'.30 

5A3.26 

0.00 

4.4061 i02 

1.  Il71.«03 

4.6006-02 

2.049E*iiD 

4.551-1  *01 

t  ,67lr«<i5 

*.0201,-03 

1 

J.017 

140.96 

572.74 

0.00 

4.4061 *07 

i.  I131:*D1 

4,60nt-03 

2.0496*00 

9. 551  l'«vl 

1  .67  11  *05 

R.2191>0  1 

a 

J.SlO 

171.50 

579.09 

0.00 

4.4ti71.*02 

I.JI7F..01 

4,6UtF-*02 

2.049|.'*00 

9.55*  l'.*OI 

1 .6711  *05 

K.)  701.-0  J 

9 

J.OflO 

192.30 

505.36 

Cl. 00 

4.406i:*fl2 

1 .  I|2t:*n3 

4.6006-02 

2.0496*00 

9.55*1’»0I 

1.67)6*05 

0.1201-01 

10 

A.27h 

313.09 

591 .08 

0.00 

4.40P1~*02 

l.3|2i;*Ol 

4,607E-02 

2.05fli:*00 

'9.551E»0I 

1 .AVlFtOb 

* .020K-03 

11 

A.ORA 

230.41 

597.04 

O.oo 

4.4071 .02 

I.112L.03 

4,60|E>03 

2.u49i;*00 

9,55*C*0| 

1.6711  *05 

8 ,07bl.-0J 

13 

4.9*17 

284.55 

602.94 

0.00 

4.4041 *02 

l.312i:*03 

4,598C-02 

2.0486*00 

•  .S5<i;*oi 

1 .672E*0S 

H.2I91 -03 

ALPHA  =  O.OO 


Rllb  NUAlAhR  551 


Sample  1 


Hot-wire  anemometer  data  (Type  9) 


«rlVtn/r*I.S*-Ar>  rirLD  SFpWfCKS,  I«C. 

Abnc  riivif  '■ 

vun  K«Pf*A«.  <S  dynamic.';  FAril.ITY 
AMMUMI  *ll>  fniiCE  STATIM,  TKHN 
HOt'HDAPV  (.aYFH  STAPK-ITY  INVESTIGATION 


iiAiF  rn^'FiiTio 
i)ATK  PFCDHOFI) 
TIKE  RFCnPI'FO 
TIKE  COMPUTED 
PHllJEfT  MO  ¥ 


n-  -Mb 

2i  >iin 
02Mb 

u-oc 


nuN  nuMorn  sbi  page  2 


curlnci  SHARP  T'DEG  come  IRN  9  0.0015  IN.) 
XSTA  =  |}.n0 


d»ia  type  s 

NOT  NIPF  ANF-HnilFTFR  DATA 


PUIhT 

Pt 

IPSIA) 

IT 

roFC  HI 

PWl. 

CPSIAI 

TM|. 

(DEG  H) 

ZP 

r  IN) 

Pp 

rpsiA) 

HL 

TTlU/xr 

TTI,/TT 

1 

4.40lf:»07 

I.JI7F*0J 

f  .mF-01 

8.b2IF402 

2.innF-02 

J.OhlF  »U0 

2.2024F.t01 

<).3I>51>0I 

I.OOOKtOO 

2 

4.40M  t02 

1 .l|2F»n) 

b.l27E'-01 

il.bS|F«02 

2.  lOOF^O  J 

).Afa5|F  4UQ 

2.7il3AEt0l 

<1.17oi>01 

1  .OOCt  •»■) 

i 

4.40bFi07 

1 . I|2F«0] 

«>.I2>E>(|} 

a.6A7F«02 

2,TOnF>03 

l.RbbI too 

2.2O10K»0l 

O.ITOF-OI 

I  .OOOt.tUO 

4 

4.4>|SF»07 

1  .  il2Ft«l] 

f.l12E-«J 

ll.6R4l«07 

2,7001-02 

a.RhbEtOO 

2.2O3OKt0l 

9.1711>01 

l.ooo\«uo 

S 

4.40bl«b2 

|.]|2F<<I] 

b.l12r.-<l) 

fl.inoFtn? 

2.700f-02 

3.«7OEt0O 

2.2nSnK»(ll 

0.17iE-0l 

) .OOOEtOD 

b 

4.40<.L»02 

l.ll2F»na 

s.ii7r-i»i 

il.720M02 

2.  )0OF-02 

3.07nt.t00 

2.20SflF.t0| 

0.1711-01 

I.OOUl.tOO 

1 

4.40bF»07 

1 ,ll2FtO] 

6. IllE-OJ 

«.74Rt»07 

2.inoF-n2 

3.R7tEtUO 

2.2a51E«Ot 

0.172t-0l 

1 .OOOEtOO 

B 

4.*mE*-)2 

1.  M2f;»02 

b.lTlE-Ol 

8,7S3F»02 

2,70nF-02 

3.fl7nt  »00 

2.20501 tOl 

0.)T3E-UI 

I .OUOi tOO 

0 

4.40AF.«d7 

I.)I2F40) 

b.|2  7l>o} 

8,779Ft02 

2.7O0F-02 

1.0701  too 

2.2050LtUl 

0.l7flF.-01 

1  .OflOEtOO 

to 

4,4aPb«02 

1 . ai7F*oa 

6.l77r.-ni 

8.7<)4F402 

2.  IOnF-n2 

].<tI7K*uO 

2.2n5AE»0I 

0,37liE-OI 

I  .oodi.too 

II 

4.4aTfc»02 

i,n2E«na 

*.I77E-n) 

8.HIOF1O2 

2.)PnF-02 

3,0711.100 

2.2O53E10I 

0.37DE'0I 

1 .OOOElOO 

12 

4.404f.«02 

l.j|2Ft02 

b.l77f>0} 

a.828Et02 

2.30nE-02 

3.a7lLtU0 

3.2053ei01 

0,17DE-0I 

•  1 .OOOblOO 

AI.PHA  ■  0.00 


M  «  1.911 


RUN  NUHPER  SSI 


Sample  1 .  Concluded 


ARVIH/CA'^PAN  riELO  SGRV ICES, IHC. 

AEDC  Ul\  ON 

VON  KAKHaiI  CAS  DIHAHICS  FACILITY 
ARNDLU  AIR  FORCE  STATION.  TENR 
eOUNOARl  LATER  STAOILITV  INVESTIGATION 


OATK  CtjnPIITKD  I 
date  RKrtlHIiKU  li-rtH'Hb 
tike  KEriiRDKu  2:1  Ilia 
TIKE  LllHPIITF.It  02tiE 
PROJECT  NO  V  B-UC 


RUN'  flUMUEH  5S2  PACE  I  CONFIGi  SHARP  T>UEG  CONE  CRN  e  O.OOIS  IN.} 

ASIA  =  13.00  IN. 


DATA  TVPEI  6.  PRURE  FLOW  CALIBRATION 


POINT 

N 

PT 

TT 

RE 

PP 

ML 

TTTU 

TTTU/TT 

FTA 

RETII+  +  .5 

fPSIA) 

(DEC  R) 

(PSIA) 

||>E6  R) 

t 

7.97 

39B.44 

1311.67 

t.S16E+0S 

3.5144 

7.9320 

1226.1384 

0.9363 

U.93I3 

9.0436+00 

2 

7.97 

39B.44 

1311.67 

l.SlSEtOS 

3.5144 

7.9320 

1228.1384 

0.9363 

U.9Ji3 

9.04JF.+U0 

7.96 

348. B4 

1312.67 

1.329£4’05 

3.0841 

7.9219 

1228.5554 

0.9159 

0,9309 

B.4HOK+U0 

* 

7.96 

346.84 

7312.67 

1.3296+05 

3.0841 

7.9279 

1238.4515 

0.9J58 

0.9308 

B.4D0K+00 

5 

7.9S 

29B.94 

1311.67 

I.141E+05 

2.6474 

7.9248 

1227.3074 

0.9J57 

0.9306 

7.87H7:  +  O0 

B 

7.9S 

298.94 

1311.67 

1.1436+05 

2.4494 

7.9234 

1227.1344 

U.9356 

0.9305 

7.877t+O0 

7 

7. 98 

438.74 

>309.67 

J.669E+0S 

3.8542 

7.9391 

1226.5072 

0.9345 

0,9315 

9.4HQE+U0 

t 

7.9» 

438.84 

1304.67 

l,67i>E+05 

3. 8552 

7.9391 

1226.6981 

0.9366 

0.9317 

9.4816+00 

RUN  NUMBER  552 


Sample  2.  Probe  flow  calibration  (Type  6) 


CJI 

CO 


*K»I'i/f*LSPAn  nrLP  SFP»ICrS,lNC. 

•toe  01V1S) 

VOM  HAPF&ri  .  .  oyN»l1IC^!  FAriMTY 

ARhlil.n  AIK  intrE  aTAtinN,  TKNN 
OOilhOAPT  LPYFK  STAPlMTY  lltVPSTlGATinn 


D*Tt  eUMKHTfU 
OATt  KACOKOKU  IS-AI  iS 
TIHA:  PA'cnPDFO  ‘it&4t/b 
TIA-F  CIIHPUTA'D  72i*3 
PKIlJlCT  NO  V  H-l/i: 


PUK  MUWHFK  bOl  PACK  I  CQNFlCt  SHARP  7-DF-C  COKi:  IPN  e  O.OOIS  |U.) 

XSTA  s  24.00  IH. 


Ot  FA  TYPF  4 
riiUR  FI  FLO  suKvers 


POINT 

rr 

ir 

PT2 

P 

ZP 

PP 

P6[. 

tm|. 

ZT 

TTTU 

ZA 

TTA 

P* 

t-niCTA 

(PSiA) 

lOFC  RJ 

<PSTA) 

(PSIA)  IIP) 

(PS1») 

(PSIA) 

fllA.G  Kl 

(IN) 

(OFG  R) 

(  itti 

I'Fi;  Ml 

1 

•  lO.®!! 

1)09.1 

).7ai 

O.oit 

O.OJSO 

0.705 

0.171 

1096.5 

6,0176 

1167.8 

0,0|7t 

1171.5 

9.0)A-01 

1 ,TP8F  403 

2 

410.10 

I  )>'9.7 

).7PS 

0.04t 

1). 11470 

0.312 

0.171 

1099.2 

6.0446 

1 162.6 

0,*)446 

I1H3.N 

1  .  3|F«0*I 

7  ,  777A’403 

J 

439.00 

1  )1ll.7 

).7N3 

0.044 

0.0600 

0,408 

0.1?) 

li|97.4 

0.05  14 

1  (68.7 

0.05)4 

1195.8 

1 ,5bA400 

3.47  4F403 

4 

4)0. PtJ 

1  309.1 

i.ia? 

O.OAt 

O.0b14 

0.590 

0.171 

1  noM.d 

0.0641 

11  HI),  1 

0,0611 

1716.1 

1 ,93E  too 

4 ,5  )liA  403 

& 

4)9..P  0 

1  )o9.7 

i.iei 

0.«4t 

0.071b 

0.868 

U.I71 

1098.7 

0.1174? 

1(94.5 

0,6747 

)?4d,7 

7.3**A  *011 

6. (1711463 

b 

4)0. 0(1 

1)119.7 

).7«) 

0.04t 

O.OHM 

1.781. 

0.171 

lOnii.T 

tl.(|8  4(l 

1712.9 

0,084d 

1761*. 9 

7.9SA  too 

R,7S(ia  41)1 

1 

4)0. Ri) 

1 >99.7 

3. 747 

0.04t 

0.(1909 

1,914 

0,i?l 

I()'I7.9 

0.69)5 

1730.4 

1*.«*9  IS 

12*15.6 

3.617  40') 

t.111F4l>4 

it 

4)0.«i) 

1  )P9.T 

1.717 

0,O4»' 

0.1U16 

7-655 

0,171 

1  II9H.0 

0.1941 

1747.1 

0,1041 

1370.1 

4. 41  A.  *00 

1  ,S72F,404 

9 

4)0.00 

1  J09.7 

).7(I1 

O.I»4f> 

4.1 1?0 

4.069 

0.171 

1 1198.0 

it.l  146 

17S4,2 

0. 1 146 

1)32.6 

5.7SA  »I19 

7.14014114 

10 

4)0. »i) 

1)09.  7 

1.7P7 

«.04(> 

0.17l!> 

5.43) 

0.171 

H)“H.7 

0.1340 

174P.8 

6.1240 

I  )3<>.2 

6.*>2A  4  0*1 

2,Tb)1  4114 

n 

4)-<.Su 

1 109.7 

3.7a) 

«l.04t 

4.1315 

6.7b4 

6.171 

1097.9 

U.l  140 

12)8.5 

0. t  J46 

1371.) 

6.6  lA  40*1 

1.  14  )1  4114 

12 

4)0.70 

1309.7 

].78) 

«>4b 

0.1414 

7.4)4 

0.171 

1097.9 

0.1439 

17)7.0 

0.14)9 

1114.8 

6,47F40*) 

3.5**fl1  4  04 

1 1 

4  )0.bO 

1310.7 

].7«| 

0.08t 

0.1467 

7.551 

0.171 

1497.1 

6.1492 

1229,9 

0.1497 

1312.6 

6.9oF*6*> 

3.6(01 404 

14 

4)0.40 

1110.7 

1.780 

0.040 

4.1514 

7.575 

0.171 

1097.) 

0.15J9 

1229,0 

0.15)9 

I3l 1  .b 

6.91A •«» 

3.6441.401 

14 

4 )0.40 

1  )10.7 

1.779 

0.046 

4.1167 

7.6H9 

0,121 

1691.1 

0.)5b7 

1726.4 

0.1587 

1310.9 

b.96r  400 

3. 6471 t04 

)■> 

4)0.40 

1  )1U.7 

1,779 

6,016 

4.1413 

7.554 

6.171 

1*197,0 

6.1636 

1277.0 

t*,1n38 

1  310.2 

6.a9K  400 

) .6?M1 404 

17 

4  )O.40 

1  )t0.7 

1.780 

0.O46 

4,1  l>bO 

7.549 

0.171 

1947.1 

0.1691 

1227.4 

6.1691 

1 109.9 

6.86F  400 

). 6751404 

It 

440. in 

1  )m.7 

1.784 

<I..146 

0.1704 

7.531 

0.171 

1097.4 

0.1729 

1227.6 

0.1729 

1)09,9 

b.AAP400 

3  .b  1*11  4  04 

10 

440,10 

1 )09.7 

1.784 

0.046 

0.1797 

7.517 

0.171 

l*l97,H 

0.1782 

1227.5 

6.1787 

1 300.9 

6.87F  400 

1 .6  1  1l.4l>4 

7-1 

440.40 

1  )ii9.T 

1.7«« 

0.046 

4.IB1I 

7.51) 

6.171 

)99H.0 

6, 1 R3n 

1727.1 

6,1616 

1 109.6 

6,h7F  400 

3 .6 1 54  464 

21 

440.00 

1)09.7 

1.789 

0,446 

0.1867 

7.506 

6,17) 

1497,9 

6.11*92 

1227.2 

0.1802 

1 109.6 

6.N  7F  460 

). 6  4  14  4  04 

72 

4  40,1(1 

1309.7 

1.790 

0.046 

0,1917 

7, SO) 

4,121 

1998,1 

6.1942 

1776.8 

0.1942 

13*19.) 

6.67F400 

1.61  IA404 

71 

440.40 

1  )09.7 

1.788 

0.046 

D.2()I6 

7.503 

6.171 

1 996 , 1 

0.2041 

1776.8 

0.2041 

1 )09.7 

6. 8  7 A  4  00 

3.6  1  34  404 

74 

440. AO 

1)09,7 

1.791 

0.446 

0.7111 

7.51*6 

0.17) 

1497.9 

0.2)  )(> 

1726.8 

d,2t  3b 

I  309.7 

6, OIF  4(|0 

1 .6  1  44.404 

74 

41(1.0(1 

1  )n9.7 

1.797 

4.046 

0.7714 

7.505 

0.171 

1999.4 

0.77i9 

t?7n.9 

0,7719 

I  Ji'O.J 

6, RTF  460 

3.6141  #64 

7b 

llo.oo 

1 )n9,7 

3.797 

0.046 

11.7315 

7.505 

0.121 

1098,9 

0.2140 

172h.9 

0,2)40 

1.1*19.) 

o,67F.  *60 

l.hl  14  404 

77 

440,70 

1 )09.7 

1,790 

0.446 

0.7117 

7.565 

0.171 

I09F.9 

0.2441 

1227.0 

0.7441 

1 109.4 

6.8  7F  400 

3.6171 404 

20 

4  40,RiJ 

1  109.7 

1,791 

0.I>46 

0.7611 

7.505 

0.171 

I49P.0 

6.26)5 

1227.1 

0.7bl5 

1309.5 

6.87) 400 

3.6171.404 

20 

4  4  1.1  It 

1)10,7 

1.791 

0,046 

0.7hl2 

7.5*10 

0.121 

1 398.7 

0.29J6 

1226.5 

0.28)6 

I  308.9 

6.87F lOO 

).6|  74  4*)1 

)U 

441.10 

1)09.7 

3.797 

0.046 

0.3609 

7,119 

0,171 

1097.9 

0.10)3 

1 /26.8 

0.40)) 

1 109.1 

6.H  fr40Q 

1  .6  104  4U4 

)l 

440.10 

1)09.7 

1.790 

0.046 

0.3209 

7.486 

0.121 

1097,8 

0.3733 

1  227.<1 

a.)2)) 

1 309.4 

t,B6A lOO 

1.6034404 

12 

440. fiO 

1 109.7 

).791 

0.4-16 

0.  141  I 

7.4hS 

0.12  1 

l*)9«.9 

0.3435 

1  776,7 

0. 14 )5 

1309.1 

6  .  F *.F  #00 

).4tu44  404 

3i 

440.00 

1 JdO.I 

1,797 

0.046 

0.36(0 

7.47b 

0.121 

li(97.6 

0.3634 

1776.6 

0..)bl4 

13011.9 

6.hii7  400 

3  .6(.dF  4P4 

14 

411.00 

1)09.7 

1.797 

0.»46 

0.1811 

7.471 

0.123 

1497.8 

0.  )834 

I7Z6.0 

6.38  14 

1  309.7 

6,A5F.4(10 

1.5974404 

14 

441.00 

1)09.7 

1.797 

*1.046 

0.4013 

1.468 

0.171 

1097.9 

6.4036 

1226.8 

0.40)6 

1  109.1 

6.85F  400 

).S9i.F  404 

HFAH  VALIILS 

PHI 

s* 

109.9  DFC 

PT 

S 

440.3 

PSIA 

P 

s 

0,04li6 

r.siA 

M 

s 

7.98 

TT 

9 

1109.9 

01.0  8 

PHli 

B 

o.i?;* 

P.SIA 

AI.PHA 

s 

*0.0 

PT7 

B 

1.78h 

PSI« 

TWIi 

s 

1098.7 

ore  r 

\}Ffi 

s 

-6“. 

hF 

B 

1.6751.4(15 

pVp  IN 

V 

B 

3870.1 

t  T/.sec 

nil 

B 

7.6»(*t  -08 

1,RF-5F.C/FT2 

0 

X 

7.04' 

rs)A 

R(in 

S 

4,9651.400 

1.R*‘/fT1 

T 

B 

95.4 

PRC  P 

POO  NUHr.FK  to) 

Sample  3.  Flow-field  survey  data  (Type  4) 


Cl 


ARVir'/Ctl.&PliN  ritLO  SrdVrCfA.  (NC. 

ail[)C  nivis  '< 

VUN  K«PH«{.  S  l^YNtMlCA  K&riMTY 

ARNUM)  tilt  »OKrF;  &TAI'tOK,  Tidri 
Baur.nAUt  LAirit  ^VARlt-tTr  IKIirSTlGATintl 

BUN  NUMRf^H  bOi  bach:  3 


DMA  TYBK  A 

rUi'xf  rIKLn  5UPVEVS 


P1>1MF 

IP 

tl«i 

I'p/fpr 

ML 

HI. /ME 

TTI.n 
(t>FG  R> 

TTI. 

(6FC  PI 

Tri,/TTE 

1 

«.P»SO 

0.028 

6.9IF-01 

0.1 10 

1161.1 

1172.1 

a,fl95 

7 

ft.«l70 

0.047 

1  .ObFfOO 

0.1  62 

1161.5 

IIHI.O 

0.903 

J 

O.Obi'H 

o.oSs 

1  .48F  tCKi 

0.216 

1 IA6.6 

II9I.6 

0,91.) 

A 

•>.«»<>  lb 

0.079 

I.PlPlOO 

0.267 

1177. 0 

I2IU.8 

0.93S 

4 

o.ollti 

O.IIS 

2.2hrtn<i 

0.11(1 

1190.4 

1211.9 

11,94  2 

o 

I).0i<l4 

0.177 

7,79F-*<t« 

0.401 

I20H.I 

l2bl,A 

0,9a4 

7 

a,02«9 

0.2Sl» 

].41F|0«| 

0.501 

1/75.9 

I2RP,* 

I). 984 

V 

i',l»lb 

0.17/ 

4.211-  »IIO 

O.AIi 

120.9 

1115.1 

1.065 

H 

n.ll?* 

0.S4S 

5.«1F«00 

0.716 

125J.e 

1111.2 

1,017 

ID 

«  .  1  2 1 5 

0.174 

5.  B IF. 00 

(I .  S5  2 

1 250.7 

1111.5 

1.017 

It 

ii.l  Its 

0.91)6 

A.57F.00 

U.95I 

I74II.6 

1 17.1.2 

l.flit 

12 

n ,  1 1 1 4 

0.<'4F|00 

O.9OM 

120.4 

nib.  1 

1.065 

1  1 

A.IAA1 

1  .1.1  1 

A.  691' 1  no 

1  .(lOti 

I'/iM.h 

111  1.5 

1  .onj 

M 

IMS  14 

1  .014 

fi.«<iF»(IO 

1.0'i7 

1279.4 

1117,0 

1,602 

lb 

B.ISM 

I.0I6 

6.9lFtOO 

1.008 

1278. 7 

mi.i 

1.002 

lb 

A.l«ll 

1  .<»  1 

A.AqFfOO 

l.OOo 

1727.9 

1110.5 

1 .001 

17 

1)  ■  1 S  So 

I.OlO 

0.69F.O0 

1.005 

1277,4 

1 109.9 

1 .001 

14 

O.lliiA 

l.oO* 

A.AflF.no 

1.004 

1277.4 

1109.9 

l.noi 

19 

0.17S7 

1.006 

A.R7F+Ua 

1  .06] 

1277.6 

1110.0 

1  .001 

?<1 

<**1711 

I.OOfc 

A. <i7F.no 

1  .001 

1277.2 

1  109. A 

l.non 

21 

A.|aA7 

I.OOS 

A.R7F.ino 

1  .001 

1227.1 

1309.7 

1  ,00(1 

22 

9.I9I 7 

1,064 

A.flVF .no 

1  .002 

1277. U 

l3i>9-4 

1  .060 

21 

A.7(i|4> 

I.OOS 

A.67F.O0 

1  .002 

127b. 8 

1309. 2 

1.006 

2A 

0.2111 

1.005 

A. R7F.no 

1.00] 

1  22b. 8 

1  .109.2 

1  .tl60 

2S 

0.7/14 

1.005 

A.R7r.O0 

1  .001 

1276.9 

1109,] 

1.060 

7ii 

0.2115 

1  .065 

A.R7F  .no 

1.002 

1270.9 

1109.1 

1  .060 

27 

a.?4l7 

1.005 

A.67F.<I0 

1  .002 

1277.1) 

1109.4 

1  .060 

Ja 

O.BoJl 

1.065 

6.M7F.ntl 

I.OO2 

1727.1 

1109.6 

1.060 

79 

0.?!fl2 

l.<t04 

A.«7F.fiO 

1  .6«2 

1226.5 

I10H.9 

1  ,000 

19 

4.10i>9 

1.004 

A. fl7F.no 

1  ,002 

1 226.7 

1109.1 

1  .000 

31 

0.3209 

1  .607 

h.HAK.OO 

1  .601 

1277,0 

1 109.4 

1  .000 

72 

0.1411 

1.067 

A.NnF.nO 

1  .001 

1 276.8 

1309.1 

1  .000 

11 

O.lblO 

l.OOl 

A  .fliiFl.nO 

1  .0111 

1226.6 

1308.9 

1  .006 

14 

(i.mii 

I.OOfl 

A. H5E.no 

1  .600 

1726.8 

1 1119.2 

1  .060 

lb 

0,4«l 1 

1.660 

A.flbFfOO 

1  .600 

1236.8 

1 309.2 

1  .600 

DATK  Ciif'MUTKO  JJ-APM-Bb 
DATl  BfrOBDKO  Ib'l  ■»!! 
TIPY  HFr>)Br.>R  blb-.i3b 
TIKt  rilHPII-lFB  73lA2 
PBn.lbCT  IJO  V  h*i)G 


CUdb'ltit  SHARP  7-D|r::  ftlNE  IBM  ■  O.OQt^  IM.l 


XSTA 

■  24.00 

IN. 

tl 

ll). 

IIL/  IC 

LRF 

|,rET 

EHKS 

ri>8.r.  R) 

1  FT /SEC) 

101  1 .6 

1 , 190C«fll 

O.liO 

1 ,9SIF4D1 

I.TIlEiOl 

2, 88991'*  62 

901.0 

1 .8141 lOl 

0.44b 

1.I74L40} 

7.617K40J 

2,HH9|1 *02 

829,8 

2  .0861.4  01 

0.511 

4.0t7FiUl 

3.3661.4  01 

2.88711*07 

724,7 

2,4  ns 4 03 

O.AII 

5.9b<>l  «0l 

4. 2171.40) 

2,HH7kl4ii2 

669,2 

2,740F.401 

0,7  27 

9.I2IF4O) 

5  .  A 1 1  F  4  0 1 

3.89071  *li2 

491.6 

i.018F.4Ol 

O.RIA 

1 ,4A7F 104 

7.5111:401 

7,8H8,F*07 

184.4 

i.29if:*oi 

0,814 

7.504FI04 

|.041b404 

7. 8911  IF*  02 

289.4 

3.51 lEfOl 

0.911 

4,5194404 

1 ,45  )r  404 

7,88891 ,62 

218.8 

1.6She40i 

0.910 

8.1  I5r.4  04 

1  ,9811.404 

2.H88hl,D2 

176.4 

i.  I  )bl  46I 

0.9)1 

1  .la'iF  405 

7  ,  A  0*1 1.4  0/ 

2.888/1  *07 

139.1 

3.  m?4;401 

1 .010 

7.m0t,465 

1.2178404 

2.t'eo^F*02 

127.7 

l.lRiiEtOI 

1  .0-17 

2. 4884.405  ‘ 

1.5591404 

3.88  1*.  1.4  02 

125.1 

],779El01 

l,0'>7 

7. 51 OK  4  05 

1.62 It  *1)4 

3,888M'  4  0/ 

124,6 

1,7776401 

l.o-)? 

2,589c  405 

1.8)71.41)4 

2, 88851  4(1? 

174,1 

1,7776401 

1.0  13 

7.6<ltF  405 

1.6481.404 

7.H«85r  *02 

174.H 

3. 174E4II} 

1  .l>‘)l 

2.S80F405 

3.8)71  404 

2.F8b1l  *0?’ 

175.6 

1.  ;ni:403 

I  .O'tl 

7.51  It  »0S 

1,8771404 

3 . 88  1  '/I  4  (1? 

125.1 

1.7  71F.4  01 

i.ool 

7.561F  405 

l.b/Jr.404 

2,8N4nl  *■>/ 

1/5.4 

I.771E403 

1.001 

7.555F  *05 

1.6)  41:4  04 

3.Hh7(>1.4b/ 

125,1 

1.  /ntFOl 

1  .O'lO 

7.5511 405 

1.8151.404 

7,H81IF4d2 

125.5 

1.772E401 

1.000 

2.5521405 

1.6194.464 

3.8n451.*92 

1/5.5 

1.772f.463 

1 . 600 

2,550F  4Ii5 

1. At  18  404 

2, I'll  85 1«  <17 

r/5.5 

1.77tf  41)1 

1.000 

7,5521  405 

1.61 71 <04 

2.Rni>8K«i,2 

1/5.4 

1.772F;401 

1.6O0 

7.554F  »05 

1.61  41.404 

2.fl8h/f.*ri2 

1/5.4 

3. 77 -/L  4  01 

1  .000 

2.554f  *05 

l.M  41  *'14 

2.81(541  *0/ 

125.4 

1. 172L461 

l.AoO 

2. 5  5  IF,  *1)5 

1.6]  It  404 

7.h-i4,<l*92 

I  25,4 

J,77'21  401 

1  .000 

7,557Fin5 

1.M21  494 

2 . 14  1  If *92 

125.5 

1.777F461 

1.600 

7.557F*65 

3.8171  404 

2.88451,.,/ 

125.5 

1.1 IIE46I 

1  .600 

7,5511.4  65 

3.61 7L*64 

7.841-41,(1/ 

125.5 

3.771E401 

1  ,600 

7.b49F.*ob 

1.6)11 404 

2,8a82*.,*07 

125.7 

1.771E.0J 

1  .600 

2. 5461*05 

1. 6041. 1 64 

7,R8191,*07 

125.7 

1.77if:401 

1  .(iliO 

7.5461.405 

I,b04bt64 

2.H8/bl'*6/ 

125. H 

1.776E461 

I.OliO 

7.515L*05 

1.6018.404 

2.8«84E»02 

125.9 

1.7716401 

1  ,600 

7.5  HE  *05 

3. 59714114 

3.88511462 

126.0 

1.771E401 

1  .600 

7.5 lOt 105 

1.5961 *04 

2.887i/l  40/ 

MEAN 

VAI.UES 

EPGF  VALUER 

P«l  e-l<|9.9 

wv.a 

PT 

s 

446.1 

PSIA 

T8|,/TTE 

■  0.8188 

PPF 

=  7.4ARE40G 

PSIA 

w  a  7.90 

TT 

Z 

1109.9 

OF,;  R 

P)k|, 

-  0.173 

PSIA 

FK 

=  A.M52F400 

Ai.RHAa  -0.6 

nee 

P 

s 

6,0460 

PSIA 

T8b 

>1098.2 

PFG  R 

TIE 

=  |.)0OF*0) 

PFG  R 

T 

6 

95.4 

PEG  B 

UE 

>  O.377f*04 

FT/5fC 

RUN  NUMbFR  aB]  i 


Sample  3.  Continued 


Oi 

Oi 


f  DiriN/CAl.&l'AM  rihLD  St  KViCKSt  tUC. 
f£DC  Pit  I  S’ 

irnw  inPMf.t;  j  pvMftMlcs  FACILITI 
fKi’Lil.n  F’ni'rK  STATin’i,  tcnn 

plJlIljUAPt  IjAYFK  STABII.  ITY  JNVF'STinATinN 


PATfc  CHMPIITFO  Jl-fcl”  -Ob 
DATK  PFrnBpFU  1 S-K  US 
TiPt:  I'Frnhut'i)  ststt/u 
TIPF.  CnppUTFD  JJU'i 
PHIultCT  NO  V  H'OC 


RUH  UilllhFR  601  PACE  3  CCiNFICl  SHARP  1-PKQ  CnPR  (BN  c  O.QOIS  |N,) 

XSTA  ■  24.0(1  IN, 


0»TA  TYPK  4 

tnuPL  SIIHFACC  hCASUPhNKNTS 


TAP 

S 

THKTA 

Ph 

Sll  PH 

PrI/P 

T/C 

.9 

THETA 

TH 

SI)  TW 

TH/TT 

f  101 

^^K0) 

(PSIA) 

(PSD 

(  IN) 

(DFG) 

(PEG  R] 

(DEG  HI 

1 

19.790 

0 

0.1259 

o.(iOoi 

2. 2596 

1 

18.290 

180 

/ 

JA.790 

n 

0.I2B1 

0.0002 

2.7596 

2 

111.290 

180 

1004.1 

0.22 

0.262 

3 

J(.2>0 

0 

0,1142 

O.OOU7 

2.7S96 

.1 

12,590 

UO 

1021.0 

U.ll 

0.229 

4 

If  .7»n 

0 

0.1256 

0.0002 

?.IS9h 

4 

16,290 

180 

1015.7 

C.41 

0.291 

S 

14.290 

0 

0.1242 

0.0007 

7.2590 

5 

15.290 

180 

1047.1 

0.55 

0.799 

6 

14.290 

HKI 

1051.1 

0,60 

n.U04 

7 

10,710 

A 

fl.l7«6 

0.0002 

2,2596 

2 

n.290 

IhO 

1 059.6 

0,81 

0.81)9 

P 

2". 710 

A 

fl,t22N 

o.oool 

2.2596 

fl 

12.2)0 

IhO 

1069, 4 

1-00 

0,816 

4 

26.710 

r> 

o.t25« 

O.OOlil 

7.2596 

9 

11.210 

180 

1978.6 

i.l2 

0,871 

1(1 

24.710 

A 

n.M5| 

■  fl.i>0u4 

7.2596 

10 

79.yl0 

IHO 

1061.9 

1.(8 

0.8'27 

1  1 

72.710 

0 

0.1125 

fl.00o2 

2.2596 

11 

29.230 

IHO 

1091 .6 

1.76 

0.811 

12 

2ti.no 

A 

n.un 

0.01)07 

7.2596 

1  2 

70,2  iU 

IHO 

1096.0 

1.21 

4.8  12 

1  J 

47.140 

A 

0.127R 

0,0001 

7. 1596 

11 

7f.<10 

-  1  HO 

1091.2 

1  .Oh 

•  0.8J5 

1  4 

15.140 

A 

0. 1 |9l 

0.9(10  2 

2.2596 

n 

76.210 

180 

|rt9S.9 

0.22 

0.81) 

IS 

n.l4(‘ 

‘  A 

o.llll 

G.OOO? 

7.2596 

15 

’5.210 

180 

1097,1 

0.18 

0,818 

16 

II.  no 

A 

16 

74,210 

IHO 

1098,2 

0.44 

0.818 

1  1 

0.140 

A 

0.1296 

0.0007 

2,2596 

12 

71.230 

IBO 

1099.6 

0.62 

0.819 

|H 

«.l  10 

A 

0.1  IIS 

O.uOO? 

7,75‘*6 

19 

ii.no 

970 

0.1222 

0.9001 

2,7596 

19 

71.140 

180 

not  .6 

1  .42 

4.811 

?il 

1  1  .1  10 

1  »4l 

0.1299 

(I.U002 

•  2.2596 

20 

70.140 

180 

1091.5 

1.69 

(I.HJ9 

71 

30. 710 

9 /A 

0.11S4 

O.ilOOS 

2.2596 

71 

19.140 

|80 

27 

10.710 

|HA 

0.1  mi 

o.uftoi 

7.2596 

72 

ld.|4i) 

lUO 

71 

39.290 

7 ’A 

O.llOl 

0.0002 

2.2596 

21 

17.140 

1(10 

(081.5 

1.97 

(I.BII 

2  4 

30.79U 

It^A 

0,1406 

(1.0017 

2.2596 

2S 

27.710 

IHA 

0.1181 

0.0002 

7.7596 

25 

15.140 

IHO 

102  1.5 

1 .85 

0,971 

26 

11.140 

180 

l07i.6 

1  .21 

U,87l 

77 

11,110 

180 

10(2.8 

l.til 

0,819 

2H 

12.140 

IHO 

102  ).0 

1.52 

0.812 

79 

10.840 

180 

1061 .8 

1.41 

u.un 

10 

lU.140 

100 

.11 

9.140 

ISO 

32 

B.MO 

180 

THt: 

VALUf.s  nr 

THK  FnLil.nNlMC  TMFRHOcnilPLFS 

HAVE  BFEH 

interpolated 

4  6 

8 

2ti  27 

HFAN  VaMKS 


Pill 

H 

=-|(J0.9  DFG 
=  7.98 

PT 

TT 

s  440.1 
=1 109,9 

PSIA 

DFG  H 

TURK  • 

502.2 

II  KG  R 

ALPHA 

AC 

a  >0.0  PIG 
■  7.4(i7f:«DI 

P 

B  0.0460 

PSIA 

7  s 

95.4 

PEG  H 

RUN  NUM6FP  «01 

Sample  3.  Continued 


AKVl^/rAi.&PAM  ruLii  stpvicrs.  INC. 

ALDC  UlViSt 

VUH  rAPH/.n  .i  DYKIMICS  TAfll.ITY 
AhNllLO  AlH  Kriflff.  STAllf"*  TKNN 
bUllHliAPY  LAYfM  STAI'IMTY  IMYKSTIfiATlOH 


HATE  ClIMPOTFO  ?i-AP‘'-Si 
DATE  HF.CnPUEU  |5-F 
TlllE  RfrnPlihD  bJSAlAb 
TIME  fOlPHTEO  J2H2 

ppn.itc'f  wn  V  h-oi; 


RUN  NUNhCA  60J  PAI;K  4 


CONtlG;  SHARP  T-DEG  COHEI  IRK  »  O.OOlS  IN.) 
KSTA  B  24.00  IN. 


OI 

O) 


DAtA  TTPl::  4 
INTECRAI.  FVAbllftTinH 


POINT 

2P/I>£I. 

PP/ITD 

MI./t'D 

TTI./TTH 

Tl./TO 

1 

l,7Iiif-02 

7.750t-07 

1  ,30|i-Pl 

H.955F-U1 

a,02<)E400 

2 

l,Ul7F-ft| 

4.  noF-07 

1  .blOF-ni 

9.O21).-01 

7. 157F)0I) 

1 

1 .2FiiF-0| 

S.46lr.-02 

2.|5SF-)M 

9. 101) -01 

b.5Rt>F400 

4 

I.SUF  -01 

7.OI14I-..0? 

•2.67JE-I)1 

9,249E.-0I 

S.75'2Eil)0 

S 

i.7niF-ni 

1 .1611-1)1 

1.1041  -111 

9.425I.-0I 

4.815E)On 

A 

2.07Hf;-»ll 

1 .772) -01 

4,0701-01 

9.6i(.t;-0l 

I.OlHEfOO 

7 

2,2<iSf  -m 

7.561).-iH 

5.0il5l‘-0l 

9.R45K-01 

1.P51K4('0 

H 

2.S79I-01 

],‘>27F>>ll 

O.I4H-0I 

1  .005)4  00 

2.297) lOo 

0 

2.79|( -6) 

5.440)  .1)1 

7. iSRK.ni 

1 .01 7r4H0 

1.717) ♦«0 

10 

J,07HV-OJ 

7,7751 -01 

«. 5171-01 

1.017)  400 

1.15)F40o 

1  1 

1.277F-OI 

9.i)57F..i»l 

9. 51  J) -01 

1 .01 lEfOO 

1,1 01.1400 

|2 

I. 5741  -01 

9.055);-0l 

9.*i77t  -01 

1 .005) lUO 

1 .OOnFiHO 

1  I 

I.oStv)  -Ol 

i.miir.ua 

1  .iinj,)  4OO 

1  ,noii-.4(ji) 

9.<13)F-0I 

1  1 

1.77  « -0| 

1  .ni4*.4<io 

1 .007) 4HO 

1 ,0<i7)'.4  0i) 

9,b9  1F-0| 

IS 

l.B92F-ni 

l.OlAFiOO 

1  .  IIOR)  )0|| 

I  .002F.4  00 

9.h7i)f:-Di 

IS 

4,in«K-ni 

1.1111)41)0 

1 .006F40(i 

1 .001 E40a 

9.<iO(iF-ill 

17 

i.lspF-ni 

1  .0  111)  4U0 

1  .  i)05F  i  DO 

1 .001  ).  4  00 

9.yi9r-lH 

IH 

4.2401 -HI 

1  .  Ourir.  4  00 

1. 004 1 4 00 

1  ,ooif;400 

9,97'>1-i)1 

19 

4.  JiNF-ni 

1  ,O»6F.»0O 

1 .0111)  4OP 

1 .0UIF4  oO 

9.>45)i:-Dl 

20 

4.51  If -01 

1  ,niiB)  4uO 

1 .00  IF  ton 

1,000) lOO 

9.94HF-01 

21 

4,bS2f-0| 

1  ,or>4;Kino 

1,00)1  .00 

1.000)  )0i) 

9.y5)).-0l 

27 

4.T77f-Ol 

1  .OIi4).400 

1 .00?)'  )00 

1 .OOOLlOO 

9,962i:-01 

21 

5. 11741  -Hi 

1  .Oil'-Kion 

1  .1)021  4  <10 

1 .01)0)  mo 

9,9501-01 

24 

b.2hiif-0| 

1  ,O(i5r.40O 

I  .■lOD'iOO 

1 , nOO) lOO 

9.954F-01 

2*i 

5.5l7f-Ol 

1 .0051:4  00 

1  .001)400 

I .000) 400 

9.9611.-01 

76 

5,7h9F  -01 

1  .0U5),  .00 

1 .0021 |O0 

1  .OOOEXiO 

<),9S6F-0| 

27 

ri.O?JF-Ol 

1  .OiiSFfOO 

1.0021.4110 

1  .0(10).  400 

g.DSTF-OI 

20 

6.5niiF  -01 

1 .005)  4  1)0 

I.O021’4Do 

1 .ooaE)00 

9.95I1E-OI 

29 

7.0OJF  -n| 

1 .0(l1f.40O 

1  ,i)02F.)00 

9.9yRE-OI 

9.9S9)-0| 

10 

7.49<il  -01 

1  .oiiii:40o 

1 .oOIFiOO 

1  .OOO).  4<>l> 

9.962F  -Ol 

II 

7.90JF  .01 

I  .ou7):4ao 

1,0011)00 

1 .nooEtoo 

9,9801-01 

12 

N.sour-ot 

1 ,0i}7r  400 

1 .0O|E)O|j 

1 ,0«iflF.4bO 

9.97911-01 

J1 

a.99fcF -01 

I  .1)01  Li  00 

i,00|F  ton 

9.<)9RC-D1 

9.988F'-0| 

14 

9.40  Jf-OI 

1  .nriDLiOO 

1  ,(|OOF«OU 

I .OUOLiUO 

9,99TE.*0| 

IS 

l.OftOFlDO 

1 .DOOLiOD 

1 .OflOEiDO 

1 .QOOEiUD 

I.OQOEtOO 

R|in|./RH7i) 

lll./lll) 

HIITl/IIHTD 

LPE/L.R)10 

OITTI./IMTTO 

tP).T/I,M).lI) 

1.24S):-01 

l.firt6)--ni 

5.961K4(1Q 

7.7111-01 

1.4B9E-0I 

4.926E-02 

1.  )9M).-0| 

4.Nli4F,-ni 

5.507K4(III 

1  .215F-(I2 

1.8481-01 

7.264)  -02 

i.5iH)-ni 

5.5M)-0| 

5.2o4F)00 

1.6141-02 

4.4(101-01 

8.916):-62 

1  .7i9).-l)l 

6.410)1-01 

4.71IF.)(iO 

2.356F-(1'2 

5.11 4L-0I 

1.1711-01 

2.n6bF-oi 

7.26».H-«1 

4.)hl<K.)00 

J.605F-02 

6. 199).  >01 

1.5601.-1)1 

2.5511-111 

B. 057) -1)1 

1.547).40i) 

5. 790)  -02 

7.6971-01 

2. 1051.-01 

1.27)1.-01 

H.7H1.-01 

2.Ii‘<51.400 

9,90(11  -02 

9.0291.-01 

2.II94)-01 

4.15  1)1-01 

9.1121-HI 

?.259F,)00 

1,7941-01 

1.0291406 

4,0471-01 

S.75H),-01 

9,rk>ii.):'0i 

1  ,  I  ]6)  lUO 

J,2I61-D| 

1  ,  1  061.400 

5.b25):-01 

7. 192) -01 

9.9U1.E-01 

t  ,  Ib.D.XIH 

5.4M1-DI 

1.  toil. <00 

7.7AS)-()1 

9, 11-15)  -01 

1 .OoOKiOO 

1  ,  lOLF.iOO 

8. 18  11 -01 

1 , 067)14(10 

H.98 )) -HI 

N.NOOK-Ol 

1 .OuPKtOO 

1 .OflOFfDO 

9.i»J71-i)l 

1 .OJA) 400 

9.8911-01 

1  .00  7)11  00 

1  .Oil?)  400 

9.9I1).-(I) 

1 .Ola) 4OO 

1 ,0211.400 

1 .01)71.4  00 

1 .01 IFtOO 

1 .0071400 

9,Md7)-0) 

1 .07  4Fm(> 

1  ,CI  J).4llO 

1.01  1)  4IHI 

t  .01  1)14  00 

1  .002).4()>l 

9.li70)-lil 

1  .fl2"Emo 

1 ,0101.4  01) 

1 .01  4)'4IIII 

1  .ii09);4<iu 

t .001) )flO 

9, 906)1-01 

1  .I<7(i1  1  (10 

t,Dij7):4DD 

1  ,DI()F40(| 

1 .oOMKiflU 

t.OOIEII'O 

9.9)9) -01 

1  .1117)41)0 

1  .nu4).400 

1 .0119)  ■  UO 

1.01)71.400 

I.OOIEiOO 

9.92U)-0t 

1  .()l5F4no 

I  ,1104)1 1 UD 

1  ,110  7)14  00 

I.DDbEi'IO 

1 ,00  1)1  400 

9.951) -ot 

1  .111  0)  tOO 

1 .0051.400 

1 ,0051  too 

1 .OD5E4DO 

1.01)014  011 

9.9191.-01 

1  .III  1)  400 

1  .l'ii7),4(IO 

1  .  iiOS)  1  no 

1  .DO  4)14  01) 

1  .(>o0E4fl0 

9.95H)-IH 

1  .il(i9)  4  00 

1 .00  )ii4<ni 

1 ,0041 400 

1 .0i)4),400 

1  ,  OuOl  4  00 

9.967)  -(•) 

1  .O(iK)  4OO 

1  .okoi  4  do 

1  .•ii)4F4III) 

1  ,ij0  4).  fOii 

1 .0110)- 4  Ou 

9,95h).-l,l 

1  .11091  4OO 

“.OOht-OI 

1  .llOAFtOO 

1  .0(15)14011 

1  .DOOM  DO 

9.954)’-r.I 

1  .(iriOFiOD 

1 ,000b  mo 

1  ,  II05).4|)<) 

1  .005F.)Ou 

1 .QuO) 400 

9.95)F  -III 

1  .0101  lOU 

9,9I|01  -III 

1 .0056)00 

1 .004)400 

1 .rtOOKiOO 

9.95h)l-(II 

1  .II119E,00 

9.958)  .()) 

1  .0<)5i:40u 

1  .004).,  00 

1  .  OliHEiOO 

9.y57l’-fll 

1 .009F400 

9.9(iH(.-01 

I  ,0051.41)0 

1 ,n04EiOO 

1 , OuOF  4OO 

9, 9561. -Ill 

1  .0091:400 

1  .01171400 

1  .1)04)  4OO 

1  .004111 00 

1 ,0001 4OO 

9, 959)1 -HI 

1 .dOHEiUO 

9.9)7l-i)1 

1  .0I|41  *00 

1  .(10411)00 

I  ,  ni)(tr'4  00 

9.9h2F-ut 

1  .ontiK4  0u 

1 .000).  4  00 

1  .<li)4b4<)0 

1  .002)1(00 

1  .  OOO)  4bO 

9.98011-01 

1  .004  Ft  0(1 

1  .007).  4  00 

1  .iJfliF.tuO 

1  .002)1)00 

1 ,00011)00 

9.979E-ni 

1 .0041400 

9,95Ie-0l 

)  .0021.400 

1  .OOlF.iOO 

1  .oonjutOQ 

9,90011*01 

1  .002)  400 

1  .0001.4110 

1  .0011.400 

1  .00111)00 

1 .O0OF)00 

9.997)>0l 

l.()01F»00 

)  .(IU1K400 

1  .OOOF.tOb 

1  .0001,)OU 

1  .000)1)00 

i.oookxio 

1.0001:400 

1  .ooiitmo 

1 .0001400 

VAI.UES  AT  DELTA 


PHI  r-|04,9  DEC 
H  B  T.RP 
ALPHA  s  •Q.a  DEC 


RUN  «U»OER 


pel  =  4.01 lK-0)  IN 
DEL*  B  <J.0>)4h*-n7  IN 
IILL*bb  1.6bAh.-0]  IN 

LPcn  s  2.53nb;4n'>  pe.R  in 


Sample  3 


PRO  >  7.4AHE«0(I  P5|A 
HD  B  h,US74faOI) 

TD  =  l.2nuFtl>7  UKC  R 
TTP  =  l.iOvEiOi  dec  R 
HI)  B  l.TIlKtDi  ET/SFC 


RHIlP  B 
piHHHi  B 
HHTD  B 
DITTO  = 
LHETP  B 


2.A2AK-0! 
■).OO2n0O 
I  .01  Ah-tiT 
i.407F)01 
i.SHhFtOi 


LRHAETI 
I.PH/SFC-EI2 
I.PF-f.IC/ET2 
BTH/I.PH 
PER  IN 


SOI 


Concluded 


riRLD  stRvicr.s.iMC. 

»EOC  0IVI^''1H 

ir3N  KAHHI  ;aS  nYNANICS  FACILITir 
ARNOLU  AIR  FUKCe  STATIOrt.  TEMN 
BaUNDARY  layer  STAUILiri  -I VVESPtCATlON 


UATK  CO'iHIITi’in 
DATE  KErnxnKn  is  j-Rti 
TIHC  HeniHlIKU  Y;ivt  9 
TtHh:  CnHPUTEU  02:20 
PROIECT  NO  V  tt-OS 


RUN  NUHBER  S»1  PACE  1 


CONFIG!  SHARP  Y-OCG  CONE, CRN  s  O.OOIS.IU.) 


DATA  TYPE  1 

HOIIEL  SURFACE  HEASUHCNCNTS 


TAP 

S 

•THETA 

PH 

PW/P 

•T/C 

S 

TMETA 

TH 

*IH/TT 

•Cl*) 

■COEGI 

•CPSIA1 

•1  INI 

■  CnFGl 

CDEG  ft! 

'1 

34.190 

0 

0.>|H4A 

2.1345 

>1 

38.190 

IHfl 

2 

30. 140 

0 

O.'IHOI 

3.1323 

3 

38.290 

'IHO 

1038.1 

0.180 

>3 

3H.240 

0 

0.1943 

3.8142 

■3 

31.540 

>1H0 

1054.5  - 

0.193 

■4 

•34.240 

0 

0.>1II41 

3.11!>4 

4 

36.240 

IHO 

5 

34.290 

0 

0.'IR6h 

2.6966 

5 

35.340 

•1  HO 

1018.3 

0.810 

6 

34.290 

IRO 

i 

39.230 

0 

0.I9RS 

2.8685 

T 

33.790 

IHO 

lOBK.B 

0.RI8 

e 

24.230 

0 

0.1974 

3.BS24 

8 

32.330 

180 

9 

26.130 

0 

0.1»h4 

2.8455 

9 

31.210 

1  HO 

1101.1 

0.831 

10 

24.230 

0 

O.IRll 

3.6491 

lU 

29.410 

IHO 

1112.3 

0.H15 

li 

22.230 

0 

O.IRSA 

3. 6810 

It 

24.330 

IRO 

1131.1 

0.842 

12 

20.141) 

D 

0.181)2 

3.61)18 

12 

28.330 

IRO 

1128. 6 

0.841 

li 

11.140 

0 

Q.1903 

2.1484 

13 

21.210 

IHO 

1124.8 

0.848 

\i 

Is. 140 

0 

0.1830 

2.6441 

14 

26.330 

IHO 

ItlliS 

0.854 

|5 

i3.l4i) 

0 

O.liOH 

2.5485 

IS 

35.710 

IHO 

1141  .5 

0.851 

16 

11.140 

D 

IS 

24.710 

IHO 

1145.8 

0.860 

li 

9.140 

0 

D.1444 

2.8094 

11 

23.310 

IHII 

1144.1 

0.863 

i« 

11.140 

0 

0.2032 

2.4358 

19 

11.140 

210 

0.3032 

2.9361 

14 

21.140 

IHO 

1144.6 

0.863 

20 

11.140 

too 

0.1946 

3.8111 

20 

20.140 

180 

1141.1 

0.861 

21 

30.230 

310 

0. I4S9 

3.8111 

21 

14.140 

180 

1141.1 

0.H51 

22 

30.230 

180 

0. I4H4 

2.8136 

22 

18.140 

IHo 

23 

39.190 

270 

0.1038 

3.1864 

23 

11.140 

IHO 

1135.3 

0.853 

24 

39.190 

too 

Q.iaob 

2.1251 

24 

16.140 

IHO 

30 

23.230 

180 

0.1B94 

3.1369 

30 

15.140 

IHO 

1125.5 

0.845 

36 

14.140 

IHO 

21 

13.140 

tflO 

28 

12.140 

IHO 

1113.3 

0.836 

29 

10.840 

180 

1101.0 

0.821 

30 

10.140 

IRO 

3l 

9.140 

IRO 

32 

8.140 

too 

tcioi 

1134.610  TC102 

1141.610 

TC1D3 

1013.610 

PHI 

«-ia4.9 

DCG 

PT  s 

616.2 

PSIA 

TDRR  >  501. 

1  DEG  R 

H 

=  8.0009 

t1  s 

1331.1 

DLG  R 

ALPHA 

>  0.0 

DEG 

P  M 

0.0692 

PSIA 

DEN 

=  -61. 

RE  ■ 

O.349EA06  PER  IN 

PT2  a 

5.136 

PSIA 

Sample  4. 


Model  surface  measurements  (Type  2) 


RUN  UUXBCR 


591 


ARVIN/CA[.r"^N  FtlULD  SEKVICCS.  INC. 
AEDC  DIVI  It 

iron  KARHAII  CAS  DYNANICS  FACILITY 
ARNOLD  AIR  FORCE  STATIOU,  TeNNF.SSFC 
BQIIUDARY  LAYER  STABILITY  INVEST 


DATE  CriHPUTI 
TIME  CONFUIF... 
DATE  RECOKOED 
TIME  RKCUKDED 
PROJECT  MUHbER 


RUN  number  5S0 


DATA  TYPCt  SURFACE  HFAT  TRANSFER  SHARP  Y-UEG  CONE  (BNaO.OOlS  IN.) 


CASE 

5 

THETA 

ODOT 

TN 

Ht(  rn 

ST(TT) 

NO 

IN 

DEG 

BTU/FT2-SEC 

DEG  R 

BTU/FT2-SEC- 

r 

1' 

3V:79U 

180.000 

.  1 

1.233  ' 

586.99 

■  1.7048-03 

l.376E'03 

2 

38.390 

lao.ooo 

I.IBS 

588.96 

t.642E-0J 

1 .326E.03 

3 

37.590 

180.000 

<.l71 

594.09 

1.635C-03 

1.33UE-03 

« 

36.290 

180,000 

1.213 

600.20 

1.707E-03 

j.377C-a3 

S 

35.290 

180.000 

d.9lS 

601,09 

i.290E-03 

I.U41E-03 

G 

34.290 

180.000 

1.2ti8 

603.75 

i.794E-0i' 

1.4478-03 

7 

33.290 

180.000 

1.114 

606.^3 

1.S92E'01 

1.2768-03 

k 

32.210’ 

180.000 

1.1G3 

610.63' 

1.448E-03 

I.571E-II3 

9 

31.230 

IRO.OOO 

i;.23b' 

61!2.1S 

1 .7G9E-03 

I.426E-03 

10 

39.910' 

180.000 

1.335 

612.95 

l.770E'0i 

1.427E-03 

11 

39.230 

I'oo.oflo 

l|.436 

613.95 

2.O61E-03 

1. 6628-03 

12 

38.330 

I'uo.uoo 

13 

37.330 

180.000 

1.103 

613.39 

1.581E-03 

1.2T5E-03 

!«' 

36.330 

1,80.000 

l.lll 

619.24. 

1.B93E-03 

t.526E-03 

15 

35.230; 

180.000 

1.377, 

617.65 

1.U42E-03 

1.4858-03 

IG 

34.330 

190.000. 

1.3.35 

616.61 

1.910E-U3 

l.S40E-0i 

17 

1  d 

23.230 

1,80.000 

6.91,3 

117,. 89 

5.7V5E-03 

4.802C-03 

1  9 

n. 

31.140 

1,80.000 

1.021 

609.37. 

1.453E-03 

1.172C-03 

20, 

30.140. 

180.000 

0,.811 

604.32 

6.L48E-01 

9.260E-04 

2>i 

19.140. 

180.000 

0.941 

599. or 

]|.323C'03. 

1.067E-03 

23 

W.14.P 

IN  0.000, 

0.697, 

593.64 

9.567E-04 

7.72JE-04 

1»,.14.0. 

1,80..  000, 

0.7,99. 

589.19. 

1.093e-03. 

B.B29E-04 

24 

2S 

15.140 

190. 000 

0.573. 

583.33. 

7,.B68E-04 

6.3S6E-0i 

36 

1.4,1.40 

1,90.000 

Q.624. 

590.27, 

B,545£-04. 

6.90JE-04 

27, 

13.140 

1,80.000. 

28 

1.3.1,40 

1,00.000 

0.405 

578.52 

5.532E-04. 

4.4698-04 

29, 

1.0.040 

1.80.000 

30 

10.14.0 

IBD.OOO 

0.  1,72 

STB.  05 

2.336E-04 

1.88RE-04 

’1. 

9.1.4P 

1,80.000 

0.475 

57,7..  liO- 

6.472E-04 

5.2398-04 

2? 

B.l,4q 

1,80.000. 

0.533 

57.71,23. 

71.34RE-04 

S.aS6C-04  - 

PHI,  a 

0.02  DEG 

P.r, 

a 

440.94 

PS  I A 

V.  B 

3821.19  FT/SEC 

R  B 

7,.9B 

T,T, 

a 

1310.67 

DEC  R 

Q.  B 

2.050  PSIA 

ALPHA  B 

-0.06  DEG 

p 

a 

4.h03K-03 

PSIA 

T*  = 

95.49  DEC  R 

OEM  = 

-1 >5. 40, DEG 

F.  HE 

a 

2.011E906 

KEH  FT 

PT2  = 

O.UI  PSIA 

RUN  number  550 

KUi 

a. 

7.684t-08 

LBF-SEC/FT. 

MHO  a  1 

.301E-OJ  LUri/Fl3 

0) 

J*FLN-H4 
l:4lj2S 
V  B'GG 


Sample  5 


Surface  heat~transf er  data 


